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Bemerkungen zur Palynostratigraphie der Rhät-Lias- 
Grenze in SW-Deutschland 


alynostratigraphical Remarks on the Rhaetic-Liassic Boundary in 
SW-Germany 


Von 
Wolfram Brenner, Tübingen 


Mit 8 Abbildungen im Text 


RENNER, W. (1986): Bemerkungen zur Palynostratigraphie der Rhät-Lias-Grenze in 
'W-Deutschland, [Palynostratigraphical remarks on the Rhaetic Liassic boundary in 
W-Germany.] - N. Jb. Geol. Paläont. Abh., 173: 131-166; Stuttgart. 

ls traci: Rhaetic to early Liassic palynomorphs from eight wells in Oberschwaben 
SW-Germany) have been investigated and the cores correlated. A comparison with 
published data indicates that regional correlations are only possible if the paleoecolo- 
ical setting is taken into account. The importance of ecological factors (climate, 
alinity, etc.) for stratigraphic correlations could be demonstrated in several examples. 
“he new species Concavisporites lundii n. sp. and the new genus Geopollis n. sp. are 


stablished. 


(ey words: Spores, Pollen, Dinoflagellates, Rhaetic-Liassic boundary; Southwestern 
sermany. 


Zusammenfassung: Acht Kernbohrungen aus Oberschwaben (SW-Deutschland) 
vurden im Bereich des Rhätolias palynologisch untersucht und miteinander korreliert. 
Jas Ergebnis wurde mit publizierten palynologischen Arbeiten verglichen. Hierbei 
eigte sich, daß bereits im regionalen Bereich eine Korrelation nur unter Berücksich- 
igung des Biotops möglich ist. Die Wichtigkeit der ökologischen Faktoren (Klima, 
alinität, etc.) für die Stratigraphie wurde an Hand von Beispielen dargestellt. 

Neu aufgestellt wurden die Art Concavisporites lundii n. sp. und die Gattung 
eopollis n. g. 

Die vorliegende Arbeit wurde 1983 am Geologisch-Paläontologischen Institut der 
Iniversitat Tübingen im Auftrag der Firmen BEB Gewerkschaften Brigitta und 
lwerath Betriebsführungsgesellschaft mbH, Deutsche Schachtbau AG und Wintershall 
G als Diplomarbeit angefertigt. Das Ziel war die Korrelation mehrerer Bohrungen aus 
em südwestdeutschen Molassetrog, wobei der Bezugshorizont die Rhät-Lias-Grenze 
in sollte. Bearbeitet wurden die Bohrungen: Dingelsdorf 1, Fronhofen 20, Gaisbeuren 
‚ Gutenstein 1, Illmensee 3, Kirchdorf 5, Pfullendorf 8, und Unterschmeien 3 (Abb. 1). 


) N. Jb. Geol. u. Paläont. Abh. Bd. 173 
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Die Korrelation der lithologischen Einheiten der einzelnen Bohrungen 
erfolgte an Hand des Vorkommens und der Häufigkeitsverteilung der 
Palynomorphen. Bereits publizierte palynologische Untersuchungen der 
rhäto-liassischen Schichten ermöglichten zudem eine biostratigraphische 
Einordnung. 


Unterschmeien 3 


i Kirchdorf 5 ar 
A ee et SIGNARINGEN 


a 
SAULGAU 


+ Pfullendorf 8 


Fronhofen 20 + + Gaisbeuren 2 


+ IlInensee 3 


[| 
RAVENSBURG 


Abb. 1. Arbeitsgebiet mit den bearbeiteten Bohrungen. 


Stratigraphische Grundlagen 


Die Uneinheitlichkeit in der Benennung der Palynomorphenzonen 
(OrBELL 1973, MoRBEY 1975, SCHUURMAN 1977, LuNp 1977 usw.) im Trias- 
Jura-Grenzbereich läßt sich auf regionale Schwankungen der Palynomor- 
phenzusammensetzung zurückführen, die von Bodenbeschaffenheit, Klima, 
Verbreitungsart (äolisch/aquatisch), Ablagerungsmilieu usw. abhängig sind. 
Hinzu kommt die Möglichkeit der selektiven Erhaltung aufgrund unter- 
schiedlicher diagenetischer Bedingungen. Eine Zonengliederung, sowohl im 
Sinne einer „Assemblage-Zone“ als auch einer „Concurrent-Range-Zone“ 
(HepserG 1976) erscheint aufgrund der Komplexität der fossilen Sporen-/ 
Pollenvergesellschaftung als nicht befriedigend. Aus diesem Grund wurde 
hier auf eine Palynomorphenzonierung verzichtet und die von WICHER 
(1951) gegebene Gliederung des Rhäts verwendet (Abb. 2). 


Mittelrhät: Als überregionale Leitformen können die Pollen Ricciispo- 
rites, Ovalipollis, Rhaetipollis und Geopollis betrachtet werden. Sie sind von 
Grönland (PEDERSEN & Lunp 1980) bis Österreich (MorBEy 1975 und KaRLE 
1984) regelmäßig bis häufig vertreten. Die Sporen, vor allem die „typischen 
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Rhätsporen“ (Morsey 1975) wie z. B. Semiretisporites, Triancoraesporites, | 
Neochomotriletes usw. zeigen dagegen von N nach S unterschiedliches 
Einsetzen. Aus der Literatur geht hervor, daß das gehäufte Einsetzen von | 
Sporen in Grönland (Pepersen & Lunp 1980) an der Basis des Mittelrhäts | 
erfolgte, in England (Orserı 1973), Dänemark (Lunp 1977) und Polen | 
(OrLowska-ZWOLinska 1983) im mittleren Mittelrhät, in S-Deutschland | 
(Acnıııes 1981) an der Grenze zum Oberrhat und in Österreich (MoRBEY 
1975 und Karte 1984) erst im Oberrhät. Dieses sukzessive Einsetzen der | 
Sporen von N nach S ist unabhängig vom Ablagerungsmilieu, d. h. es zeigen | 
sich keine nennenswerten Abweichungen zwischen nichtmarinen (Grönland, || 
Polen) und marinen Sedimenten (England, N- und S-Deutschland, Öster- | 
reich). 


Oberrhät: Dieser Bereich ist durch die Dominanz der Sporen charakte- | 
risiert. Die für das tiefere Rhät typischen Pollen Rhaetipollis und Geopollis | 
verschwinden, Ovalipollis tritt selten auf und Ricciisporites zeigt lokale | 
Schwankungen in Bezug auf seine Häufigkeit. Die Diversität der Sporen ist | 
hoch. Einzelne Arten sind in ihrer Häufigkeit starken lokalen Schwankungen } 
unterworfen, die aber keinen eindeutigen, geographischen Gradienten ) 
erkennen lassen. Ferner beschreiben Lunp (1977) in N-Deutschland, | 
ScHUURMAN (1977) in Luxemburg, Achırıes (1981) in S-Deutschland und | 
Karte (1984) vom Achensee in Österreich eine Regression, d. h. marines | 
Mittelrhät und nichtmarines Oberrhät. 


Lias Alpha: Die Grenze Rhät/Lias zeigt einen markanten Florenschnitt, 
der im gesamten europäischen Bereich zu beobachten ist (ScHuLz 1967, | 
Lunp 1977, ORLOWSKA-ZWOLINSKA 1983 u. a.). Viele der im Rhät häufigen | 
Formen wie Ovalipollis, Ricciisporites, Lunatisporites usw.(Abb. 4) setzen aus | 
oder sind nur noch als Einzelexemplare vorhanden, wobei eine Umlagerung 
nicht ausgeschlossen werden kann. Neueinsetzende Arten sind Cerebropolle- | 
nites thiergartii und Aratrisporites minimus. Pinuspollenites minimus und | 
Heliosporites reissingeri treten erstmals häufig auf. Eine N-S-Differenzierung } 
in Bezug auf die Palynomorphenverteilung ist hier nicht feststellbar. 


Lokale Stratigraphie: 


Mittelrhät: Es liegt im gesamten Arbeitsgebiet (Abb. 1) in sandiger 
Fazies vor. Eine Einschaltung von Tonstein konnte nur in der Bohrung 


Abb. 3. Bohrprofile und Korrelation der bearbeiteten Bohrungen mit Teufenangabe der 
Rhät-/Lias-Grenze: GU 1 - Gutenstein 1 (630,8 m); UN 3 - Unterschmeien 3 (745,7 
m); PF 8 - Pfullendorf 8 (1033,5 m); FR 20 - Fronhofen 20 (179956 m), IE Ss 
Illmensee 3 (1824,5 m); DI 1 - Dingelsdorf 1 (1666,1 m); GA 2 - Gaisbeuren 2 (2350,0 
m); KI 5 - Kirchdorf 5 (1829,0 m). 
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HETT. 


ce) 
2 
<= 
D: 
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ATLA 


Cerebropollenites thiergartit 
Vitreisporites pallidus 
Chasmatosporites spp. 
Aratrisporites minimus 
Echinatisporis megaspiniger 


Uvaesporites reissingeri 


Quadreculina anelleformis 
Polypodiisporites polymtcroforatus 
Pinuspollenites minimus 
Acanthotriletes varius 
Baculatisporites spp. 


Lycopodtumsporttes spp. 


Lycopodtactdttes spp. 


Heliosporites reissingeri 


D 
S 


Lereisporites spp. 
Zebrasporites spp. 
Todisporites spp. 
Cerebropollenites spp. 


Monosulettes s.l. 


Marattisporites scabratus 


Perinopollenites elatoides 


Araucartactdites australis 


Classopollis meyerianus 


Deltoidospora/Concavisporites spp. 
Calamospora tenera 


Alisporites s.l. 


Trachysporites spp. 


| 


Classopollis torosus 


Concavisporites lundtt 


Contignisporites problematicus 


il 


Anapiculatisporites spp. 


Abb. 4. Haufigkeitsverteilung der wichtigsten Palynomorphen. 
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H 


M-RHÄT |O-RHÄT | HETT. 


|Densosporites spp. 
Aratrisporites spp. 
Neochomotriletes triangularis 


|Zunatisporites rhaeticus 


i Cingultzonates spp. 

| aa macrosacca 

| Camarozonosporites spp. 
Vitreisporites bjuvensis 
Triancoraesporites spp. 
Ricettsporites tuberculatus 
| Ovalipollis spp 


Rhaetipollis germanicus 


| Geopollis zwolinskae 


AQUATISCHE PALYNOMORPHEN 


| Liastdium variabile 


Dapsilidinium langii 


Pfullendorf 8 (Abb. 3) beobachtet werden. Aufgrund der aquatischen Palyno- 
morphen (Botryococcus, Acritarchen und Dinoflagellaten) sind diese Ablage- 
rungen dem brackischen (hypersalinen ?) bis marinen Milieu zuzuordnen. 

An der Basis des Mittelrhäts treten nahezu ausschließlich Pollen auf, von 
denen Classopollis, Ricciisporites, Rhaetipollis und Geopollis über 90% der 
Individuen stellen. Bei den aquatischen Formen ist Botryococcus dominant. 
Nach oben hin nimmt Botryococcus in seiner Häufigkeit rasch ab. Im unteren 
bis zum mittleren Mittelrhät wird Rhaetogonyaulax die dominierende Form, 
die im oberen Mittelrhät wiederum von Dapcodinium abgelöst wird (Abb. 4 
und 5). Bei den Sporen ist eine sukzessive Zunahme der Diversität von 
unten nach oben zu beobachten, die im oberen Mittelrhät nahezu explo- 


sionsartig verläuft. 
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Aufgrund dieser differenzierten Verteilung der Palynomorphen im {ll 
Mittelrhät ist es möglich, dieses noch weiter zu unterteilen. Es zeigte sich, i 
daß in den Bohrungen Unterschmeien 3, Gutenstein 1 und Dingelsdorf 1 
nur der untere Bereich des Mittelrhats vorhanden ist (Abb. 3), in Pfullendorf 4 
8 (der untere Bereich ist nicht gekernt und somit nicht mit Proben belegt) | 
das obere Mittelrhät und in den Bohrungen Fronhofen 20 und Illmensee 3 I} 
das gesamte Mittelrhät. 


Oberrhät: Es ist nur in den Bohrungen Fronhofen 20 und Illmensee 3 3} 
vorhanden und als einheitliche, graugriine bis grüne Tonsteinfolge ausge- i} 
bildet. In der Bohrung Fronhofen 20 treten zusätzlich an der Basis ¥ 
Sandsteine und am Top dunkelgraue Tonsteine auf (Abb. 3). 

Aquatische Palynomorphen konnten nicht nachgewiesen werden. Die für i} 
das Mittelrhät markanten Pollen treten nur noch selten auf. Dafür ist eine j 
Zunahme von striaten, bisaccaten Pollen (Lunatisporites und Protosacculina) h 
und Araucariacidites zu verzeichnen. Die Diversität der Sporen ist extrem | 
hoch. Den Hauptanteil bilden einfache, trilete Sporen mit wenig Merkmalen § 
(Deltoidospora, Concavisporites u. a.). Bemerkenswert ist das Vorkommen von }} 
Concavisporites lundii n. sp., am Top des Oberrhäts (Bohrung Fronhofen 20), |) 
da auch Lunn (1977) diese Art in Dänemark und N-Deutschland mit der }j 
gleichen stratigraphischen Verbreitung beschrieben hatte. 


Lias Alpha: Er ist im gesamten Arbeitsgebiet als Wechselfolge von || 
Ton-, Sand- und Kalkstein in mariner Fazies ausgebildet. 

Wie im Mittelrhät tritt an der Basis gehäuft Botryococcus auf und die | 
„normalmarinen Formen“ (Acritarchen, Dinoflagellaten) setzen erst nach N 
dessen Rückgang ein (Abb. 4 und 5). Die Sporen zeigen einen Rückgang in | 
Diversität und Individuenzahl. Neu auftretende Arten sind Aratrisporites \ 
minimus, Cerebropollenites thiergartii und Echinatisporites megaspiniger. Bei 
den Pollen ist ein erneutes gehäuftes Auftreten von Classopollis zu | 
verzeichnen. Die Häufigkeit von Araucariacidites nimmt ab und Perinopolle- | 
nites elatoides und Pinuspollenites minimus erreichen ihr Verbreitungs- | 
maximum. 


Resultate 


Innerhalb des Arbeitsgebietes (ca. 100 km Durchmesser) zeigen die | 
Palynomorphen eine auffallende Konstanz hinsichtlich ihrer Häufigkeitsver- { 
teilung und des Ein- bzw. Aussetzens der einzelnen Arten. Aus diesem i 
Grund war eine summarische Zusammenstellung der Häufigkeitsverteilung } 
(Abb. 4) der wichtigsten Arten bzw. Gattungen möglich, die von der Palyno- } 
morphenverteilung in den einzelnen Bohrungen nur wenig abweicht. Bereits . 
200 bis 300 km in NE (Acnres 1981) bzw. im SE (Kare 1984) zeigten sich ' 
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Unterschiede in der Sporen- und Pollenzusammensetzung. Für eine stratigra- 
ohische Unterteilung der einzelnen Schichtglieder ist es daher nötig, die 
inzelnen Faktoren für die Zusammensetzung einer Palynomorphenverge- 
bellschaftung in die Analyse miteinzubeziehen. 

Primär ist eine Differenzierung von Sporen und Pollen, bzw. deren 
utterpflanzen erforderlich, da diese von unterschiedlichen ökologischen 
edingungen abhängig sind (MoHR & ScHopFER 1978 und ZıesLer 1978). So 
sind Sporen, bzw. Farne i. w. S. überwiegend von der Luftfeuchtigkeit, 
Pollen, in diesem Falle Gymnospermen, eher von der Bodenbeschaffenheit 
bhängig. Folglich liegt die Ursache des beschriebenen, zeitlich verschie- 
denen Einsetzens der Sporen von N nach S in der Wanderung des Klima- 
gürtels, d. h. im Falle des Rhäts im Wechsel von ariden zu humiden Verhält- 
inissen sukzessiv von N nach S (Potonié 1952 und HarLam 1985). Die Pollen 
bzw. deren Mutterpflanzen zeigen in diesem Fall dagegen eine, relativ zu den 


Pollen 


Rhaetogonyaulax 


Dapeodinium 


Botryococcus 
| Abb. 5. Schematische Ubersicht der Palynomorphenverteilung. 


Sporen, geringere klimatische Abhängigkeit, da bei ihnen kein „N-S- Gefälle“ 
festzustellen ist. Zum Beispiel tritt der im Mittelrhät in Europa häufig 
vorkommende Pollen Rieciisporites tuberculatus im Oberrhät in Polen 
(ORLOWSKA-ZWOLINSKA 1983), Dänemark (Lunp 1977) und Franken 
(Ackırıes 1981) häufig, in England (Orserr 1973) in SW- Deutschland 
(vorliegende Arbeit) dagegen selten auf. Andere Pollen wie Rhaetipollis und 
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Geopollis zeigen ein konstantes Auftreten hinsichtlich ihrer Häufigkeit und 
Verbreitung. Dies ist zum einen auf die unterschiedlichen Anspriiche der 
Mutterpflanze an das Biotop, zum anderen auf das unterschiedliche 
Transportverhalten der Pollen zurückzuführen. 

An der Basis des Mittelrhäts, sowie des Lias Alpha des bearbeiteten 
Gebiets ist ein unterschiedliches Ein- bzw. Aussetzen der Algen in vertikaler 
Richtung zu beobachten (Abb. 5). An der Basis tritt in beiden Fallen Botryo- 
coccus gehäuft auf. Diese Alge kann als „Indexfossil* für nicht normalmarine 
Verhältnisse betrachtet werden (Harris 1938, Traverse 1955 u. a.). Nach 
oben hin nimmt Botryococcus in seiner Haufigkeit rasch ab und im unteren 
bis mittleren Oberrhat wird Rhaetogonyaulax die dominierende Form. 

Gleichzeitig ist das Einsetzen von Dapcodinium zu beobachten, das konti- 
nuierlich mit der Häufigkeitsabnahme von Rhaetogonyaulax nach oben 
zunimmt. Das gleiche Phänomen, das in seiner Häufigkeit alternierende jj 
Auftreten von Rhaetogonyaulax und Dapcodinium, beschreibt auch Morsey # 
(1975: Abb. 28) aus dem Rhät des Kendelbachgrabens. Dort ist dieser ' 
Vorgang sogar in mehreren Zyklen zu beobachten. 

Als Grund für das unterschiedliche Ein- bzw. Aussetzen oder der Häufig- ¥ 
keitsverteilung der Palynomorphen kann die unterschiedliche Toleranz der 
einzelnen Arten gegenüber Salinitätsschwankungen betrachtet werden. Somit 
kann eine „Salinitätsreihe“ von „nicht normalmarin zu normalmarin“ mit der 
Abfolge Botryococcus -— Rhaetogonyaulax -— Dapcodinium aufgestellt werden. 

Zusammenfassend ergibt sich, daß für die Palynostratigraphie vor allem {| 
die ökologischen Bedingungen berücksichtigt werden müssen, da sich durch 
ihre Änderung beträchtliche Verzerrungen, sowohl in der vertikalen, als auch 
in der horizontalen Verteilung und dem Ein- und Aussetzen der einzelnen 
Arten ergeben. 


Systematik 


Die systematische Einordnung der Sporen und Pollen erfolgte nach dem 
von Benniz und Kinston (1886) begonnenen und von Potonié (1956-1975) 
erweiterten, morphographischen System der Sporae dispersae unter Berück- 
sichtigung der Modifikation von DerrMmann (1963) und SCHEURING (1974). 

Bemerkungen und Synonyme wurden nur dann hinzugefügt, wenn es zur | 
Klärung der systematischen Stellung oder zur Abgrenzung verschiedener 
Arten untereinander notwendig erschien. 

Das Abbildungsmaterial ist in der mikropaläontologischen Sammlung des 
Instituts und Museums für Geologie und Paläontologie der Universität 
Tübingen unter der Katalog-Nr. 1637 mit einem Verzeichnis der Abbildungs-, 
Probe- und Präparatnummer (mit den Koordinaten für das Fotomikroskop 
Olympus BH 2) hinterlegt. 
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Anteturma Sporites Potonié 1893 
Turma Triletes Reınsch emend. Potonirt & Kremp 1954 
Suprasubturma Acavatitriletes DErTMAnNn 1963 
Subturma Azonotriletes Luger 1935 


Infraturma Laevigati BENNIE & KipsTon 1886 emend. Potonié 1956 


Genus Calamospora SCHoPF & BrENTALL 1944 
Calamospora tenera (LEscHIK 1955) DE JERSEY 1962 


Abb. 6/8, Bohrung Fronhofen 20, Teufe: 1805, 4 Mittelrhät. 

1955: Laevigatisporites tener n. sp. - LescHik 1955: 13, Taf. 1/20. 

1958: Calamospora mesozoica n. sp. - CourEr 1958: 132, Taf. 15/3, 4. 

1962: Calamospora tener (LescHik 1955) new combination. - DE JERSEY 1962: 3, Taf. 1/ 
2,10: 


Genus Concavisporites THOMSON & Prrug 1952emend. DELCOURT & SPRUMONT 
1955 


1955: Concavisporites n. gen. - THOMSON & Prruc, 1952: 49. 
1955: Ahrensisporites nov. gen. - Poronré & Kremp 1954: 155. 
1958: Auritulinasporites n. g. - Nitsson 1958: 35. 

1959: Toroisporites n. fgen. - Krutsch 1959: 90. 


Bem.: Bei den oben angeführten Gattungen handelt es sich in allen 
Fällen um laevigate Sporen mit Tori (Kyrtome). Aus diesem Grund ist es 
sinnvoll, sie unter der Gattung Concavisporites zusammenzufassen. 


Concavisporites auritorus (REINHARDT 1962) comb. nov. 


Abb. 6/1, Bohrung Fronhofen 20, Teufe: 1799,7 m, Oberrhät. 
1962: Toroisporites auritorius n. sp. - REINHARDT 1962: 706, Taf. 1/2, 3. 
1977: Deltoidospora auritora REINHARDT, species n. comb. - Lunp 1977: 50, Taf. 1/5. 


Bemerkungen: Der Zusammenfassung von Deltoidospora und Concavi- 
sporites, wie sie Lunn (1977: 49) vertritt, wird hier nicht Folge geleistet, da 
das Vorhandensein von Tori als Gattungsmerkmal zu betrachten ist. 


Concavisporites crassexinius Nıusson 1958 


Abb. 6/1, Bohrung Pfullendorf 8, Teufe: 1035,8 m, Mittelrhat. 
1958: Concavisporites crassexinius n. sp. - Nusson 1958: 35, Taf. 1/12. 
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Concavisporites lundii n. sp. 


Abb.: 5/3 (Holotyp), 5/4 (Paratyp), Bohrung Fronhofen 20, Teufe: 1799,7 m, Oberrhat. 
Holotyp: Das Exemplar GPIT 1637/F 12 Ill, Koordination: 6,7 x 131,0. 
Paratyp: Das Exemplar GPIT 1637/F 12 III, Koordination: 11,2 x 135,5. 
Stratum typicum: Oberstes Oberrhät. 

Locus Typicus: SW-Deutschland, Bohrung Fronhofen 20, Teufe: 1799,7 m. 
Derivatio nominis: Nach J. J. Lunp, Wietze. Er beschrieb die Spore bereits 1977 
"(S. 51, Taf. 1/7a, b) als Deltoidospora sp. 


Stratigraphische Reichweite: Oberes Oberrhät bis Hettangium. 

Diagnose: Größe: 35-40 pm. Dreieckseiten der Äquatorkontur 
konkav bis konvex. Die Tori treten nur zwischen den einzelnen Strahlen der 
Y-Marke auf und bilden dabei die Äquatorkontur der Spore (konvex bzw. 
konkav) nach. 

Vergleich: Concavisporites lundii n. sp. unterscheidet sich von Concavı- 
sporites auritorius (REINHARDT 1962) comb. nov. dadurch, daß die Tori die 
Strahlen der Dehiszenzmarke nicht umlaufen und die Ecken der Spore nicht 
„ohrenförmig erweitert“ (REINHARDT 1962: 706) sind. 

Bemerkungen: Lunp (1977: 51) beschreibt Concavisporites lundii n. sp. 
aus Dänemark und NW-Deutschland als seltene, abortive Mikrospore mit 
einer stratigraphischen Reichweite vom obersten Oberrhät bis zum 
Hettangium. In SW-Deutschland tritt diese Art im obersten Oberrhät häufig, 
im Hettangium dagegen selten auf. 


Concavisporites toralis (LescHik 1955) Nitsson 1958 


Abb. 6/7, Bohrung Gaisbeuren 2, Teufe: 2348,5 m, Hettangium. 
1955: Laevigatisporites toralis n. sp. - LescHik 1955: 12, Taf. 1/9. 
1958: Concavisporites toralis (LESCHIK) n. comb. - Nırsson 1958: 34, Taf. 1/12, 13. 


Concavisporites triclavis (NıLsson 1958) comb. nov. 


Abb. 6/5, Bohrung Fronhofen 20, Teufe: 1799,7 m, Oberrhät. 
1958: Auritulinasporites triclavis n. sp. - Nırsson 1958: 36, Taf. 1/14, 15. 


Genus Deltoidospora Miner 1935 


1935: Deltoidospora n. gen. - Miner 1935: 618. 

1939: Lezotriletes n. gen. - Naumova 1939: 355. 

1953: Cyathidites n. gen. - Couper 1953: 27. 

1956: Deltoidospora (Mıner 1935) emend. - Poronié 1956: 13. 


Deltoidospora mesozoicus (THIERGART 1949) ScHuURMAN 1977 


Abb. 6/6, Bohrung Pfullendorf 8, Teufe: 1033,8 m, Mittelrhät. 
1949: Sporites adriennis Ros. Potonié mesozoicus n. f. - THIERGART 1949: 11, Taf. 2/28, 
Taf. 3/4, 3, Taf. '4=5/9 non Taf. 2/3910, 11, 170 Tah 3/3372 4-5/41 508 
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Cyathidites australis n. Spee COUPERMIO5 3 a 97012. 12. 
Cyathidites (al. Sporites adriennis mesozoicus) mesozoicus (THIERGART 1949) nov. 
comb. - Potonié 1956: 14. 


Deltoidospora mesozoicus (THIERGART 1949) SCHUURMAN nov. comb. - 
SCHUURMAN 1977: 182, 183, Taf. 1/5. 


Genus Punctatisporites (IpraHIM 1933) emend. Poronı£t & Kremp 1955 


Punctatisporites n. geb. - Ipranim 1933: 21. 
Punctatisporites (IBRAHIM 1933) emend. - Poronı£ & Kremp 1955: 120, 123. 
Todisporites n. gen. - Couper 1950: 134. 
Punctatisporites fissus LescHik 1955 
6/9, Bohrung Pfullendorf 8, Teufe: 1035,8 m, Mittelrhät. 
Punctatisporites fissus n. sp. - LescHik 1955: 20, Taf. 2/14. 


Punctatisporites minor (Couper 1958) comb. nov. 


6/10, Bohrung Gaisbeuren 2, Teufe: 2348,5 m, Hettangium. 
Todisporites minor n. sp. - Couper 1958: 135, Taf. 16/9, 10. 


Infraturma Apiculati BENNIE & Kipston 1886 emend. Poronı£t 1956 


Genus Acanthotriletes Naumova 1934 ex. Potonié & Kremp 1954 


Acanthotriletes varius Nitsson 1958 emend. SCHUURMAN 1971 


6/13, Bohrung Pfullendorf 8, Teufe: 1035,8 m, Mittelrhat. 
Acanthotriletes varius n. sp. — Nırsson 1958: 42, Taf. 2/10. 
Acanthotriletes varius Nısson 1958 emend. - SCHUURMAN 1977: 186, Taf. 4/1-3. 


Genus Anapiculatisporites Poronı£t & Kremp 1956 
Anapiculatisporites spiniger (LescHIK 1955) REINHARDT 1962 


6/14, Bohrung Fronhofen 20, Teufe: 1799,71. m, Oberrhät. 

Apiculatisporites spiniger n. sp. - LescHik 1955: 18, Taf. 2/6, 7. 
Anapiculatisporites spiniger (LescHik 1955, S. 18, Taf. 2, Fig. 6, 7) ? n. comb. - 
ReInHARDT 1962: 707, Taf. 1/8. 


Anapiculatisporites telephorus (PautscH 1958) Kraus 1960 


6/15, Bohrung Illmensee 3, Teufe: 1827,5 m, Oberrhat. 
Sporites telephorus n. sp. - PautscH 1958: 323, Taf. 1/12. 
Anapiculatisporites telephorus (PautscH) nov. comb. - Kraus 1960: 124, 125, Taf. 


BMW 
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Genus Apiculatisporites Potonié & Kremp 1956 
Apiculatisporites plicatus VISSCHER 1967 
Abb. 6/20, Bohrung Fronhofen 20, Teufe: 1799,7 m, Oberrhat. 
1967: Apiculatisporites plicatus n. sp. - VISSCHER 1967: 328, Tat 3/3: 
Genus Baculatisporites THOMSON & Prrug 1953 
Baculatisporites comaumensis (CooKson 1953) Poronı£ 1956 


Abb. 6/19, Bohrung Fronhofen 20, Teufe: 1805,5 m, Oberrhät. 
1953: -Triletes comaumensis n. sp. - Cooxson 1953: 470, Taf. .2/27, .28. 
1956: Baculatisporites (Triletes) comaumensis (Cooxson 1953) nov. comb. - Potonié 
1956: 33. 
Baculatisporites wellmanii (CoureR 1953) Krutsch 1959 


Abb. 6/18, Bohrung Fronhofen 20, Teufe: 1805,4 m, Oberrhät. 
1953: Osmundacidites wellmanii n. sp. - Courer 1953: 20, Taf. 1/5. 
1959: Baculatisporites wellmanii (Courer 1953) n. comb. - KrutscH 1959: 142. 


Genus Carnisporites MÄDLER 1964 
Carnisporites granulatus ScHULZ 1967 
Abb. 6/11, Bohrung Fronhofen 20, Teufe: 1799,7 m, Oberrhät. 
1967: Carnisporites granulatus sp. n. — ScHuLz 1967: 567, Taf. .4/17-19. 
Genus Conbaculatisporites Kraus 1960 
Conbaculatisporites baculatus BHARADWAY & SINGH 1964 


Abb. 6/29, Bohrung Illmensee 3, Teufe: 1823,8 m, Hettangium. 


1964: Conbaculatisporites baculatus sp. nov. - BHARADWAY & SINGH 1964: 33, Taf. 2/ 
48. 


Conbaculatisporites cf. longdonensis CLARKE 1965 


Abb. 6/17, Bohrung Fronhofen 20, Teufe: 1796,5 m, Hettangium. 
1965: Conbaculatisporites longdonensis sp. nov. — CLARKE 1965: 299, Taf. 36/1-5. 


Bemerkungen: Die vorliegenden Individuen zeigen eine größere Y- 
Marke als die von Crarxe (1965) beschriebenen Exemplare. 


Genus Echinatisporis Krutscu 1959 
Echinatisporis megaspiniger (MoRBey 1975) comb. nov. 


Abb. 6/26, Bohrung Gaisbeuren 2, Teufe: 2344,6 m, Hettangium. 
1975: Carnisporites megaspiniger sp. nov. - Morsey 1975: 10-11, Taf. 1/5, Taf. 2/8, 9 


) 
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Bemerkungen: Die Gattung Carnisporites enthalt nur scabrate bis infra- 
| granulate Formen (MADLER 1964 a). Aufgrund der Spinae ist die vorliegende 
Art der Gattung Echinatisporis zuzuweisen. 


Genus Foraminisporis KrurscH 1959 
Foraminisporis jurassicus SCHULZ 1967 


Abb. 6/27, Bohrung Gaisbeuren 2, Teufe: 2348,5 m, Hettangium. 
1967: Foraminisporis jurassicus sp. n. - ScHuLz 1967: 564, Taf. 4/1-3, Taf. 23/3. 


Genus Granulatisporites IsraHım 1933, emend. Potonié & Kremp 1954 
Granulatisporites punctatus (DELCOURT & SpRuMONT 1955) comb. nov. 


Abb. 6/12, Bohrung Gaisbeuren 2, Teufe: 2349,5 m, Hettangium. 

1955: Concavisporites punctatus n. sp. - DELCOURT & SpRUMONT 1955: 25, Taf. 1/8, Taf. 
DD: 

1963: Cyathidites punctatus (DELCOURT & SPRUMONT) comb. nov. - DELCOoURT, 
DETTMANN & HucGues 1963: 283, Taf. 32/3, 4 non Taf. 42/1, 2. 


Bemerkungen: Bei Granulatisporites punctatus (DELCOURT & SPRUMONT 
1955) comb. nov. handelt es sich um eine scabrate bis granulate Microspore. 
Sie ist aufgrund der Zierelemente nicht zu den laevigaten Gattungen wie 
Concavisporites oder Cyathidites (vergl. Deltoidospora) zu stellen. 


Genus Trachysporites Nirsson 1958 
Trachysporites fuscus Nitsson 1958 


Abb. 6/30, Bohrung Pfullendorf 8, Teufe: 1033,8 m, Mittelrhat. 
‚1958: Trachysporites fuscus n. sp. - Nitsson 1958: 38, Taf. 2/1. 


Infraturma Murornati Poronı£ & Kremp 1954 
Genus Lycopodiacidites Couper 1953 emend. Potonié 1956 
Lycopodiacidites frankonensis ACHILLES 1981 


Abb. 6/22, Bohrung Pfullendorf 8, Teufe: 1035,8 m, Mittelrhät. 
1981: Lycopodiacidites frankonense nov. sp. - Acnırızs 1981: 34, Taf. 7/13, 14. 


Genus Lycopodiumsporites THIERGART 1938 emend. DELCOURT & SPRUMONT 1955 


Lycopodiumsporites austroclavatidites (Cooxson 1957) Potonté 1956 


Abb. 6/23, Bohrung Fronhofen 20, Teufe: 1796,5 m, Hettangium. 
1953: Lycopodium austroclavatidites n. sp. - Cooxson 1953: 469, Watae2/35: 
1956: Lycopodiumsporites (al. Lycopodium) austroclavatidites CoOKSON 1953. — PoTONIE 


1956: 46. 
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Genus Selagosporis Krutscu 1963 
Selagosporis mesozoicus SCHULZ 1967 


Abb. 6/24, Bohrung Pfullendorf 8, Teufe: 1035,8 m, Mittelrhät. 
1967: Selagosporis mesozoicus sp. n. - ScHuLz 1967: 568, Taf. 5/2-4. 


Genus Tigrisporites Kıaus 1960 emend. Van Erve 1977 


Tigrisporites rhaeticus (ScHULZ 1967) SCHUURMAN 1979 


Abb. 6/21, Bohrung Illmensee 3, Teufe: 1822,3 m, Hettangium. 

1967: Lycopodiacidites rhaeticus sp. n. - Scuurz 1967: 574, Taf. 8/1-4. 
1979: Tigrisporites rhaeticus (SCHULZ 1967) nov. comb. - SCHUURMAN 1979: 57, 
Tate Al, 


Subturma Zonotriletes Warz 1935 


Infraturma Cingulati Poronié & Kraus 1954 


Genus Annulispora DE Jersey 1962 
Annulispora microannulata DE JERSEY 1962 


Abb. 7/7, Bohrung Pfullendorf 8, Teufe: 1033,8 m, Mittelrhät. 
1962: Annulispora microannulata, new species. - DE JERSEY 1962: 5, Taf. 1/16, 17, 19. 


Genus Contignisporites DETTMANN 1963 
Contignisporites problematicus (Couper 1958) DörınGg 1965 


Abb. 7/12, Bohrung Gaisbeuren 2, Teufe: 2348,5 m, Hettangium. 
1958: Cingulatisporites problematicus n. sp. - Couper 1958: 146, 147, Taf. 24/11-13. 
1958: Corrugatisporites scanicus n. sp. - Nitsson 1958: 43, 44, Taf. 2/15-17. 


1965: Contignisporites problematicus (Couper 1958) n. comb. - Döring 1965: 51, Taf. 
18/6-8. 


Genus Discisporites LescHik 1955 emend. DE Jersey 1964 
Discisporites psilatus DE Jersey 1964 


Abb. 7/17, Bohrung Gaisbeuren 2, Teufe: 2349,5 m, Hettangium. 

1964: Discisporites psilatus, new species. - DE Jersey 1964: 12, Taf. 2/9, 11. 
1970: Stereisporites (Annulispora) orbiforma sp. n. - SchuLz 1970: 696, Taf. 135/2, 3. 
1981: Nevestsporites sp. - ACHILLES 1981: 39, Taf. 9/12. 


Genus Neochomotriletes REINHARDT 1962 
Neochomotriletes triangularis (BOLCHOVITINA 1956) REINHARDT 1962 


Abb. 7/4, Bohrung Fronhofen 20, Teufe: 1805,4 m, Oberrhät. 
1950: „vermutlich Farnsporen“ - Reıssinger 1950: 105, Taf. 12/23. 
1956: Chomotriletes triangularis sp. nov. - BoLcHovirina 1956: 61, Taf. 7/98a, b. 


1962: Neochomotriletes triangularis (BOLCHOVITINA 1956) n. comb. - REINHARDT 1962: 
TAOS, Wes Illy 
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Genus Rogalskaisporites Danz£-Corsın & LaveEIng 1963 


Rogalskatsporites cicatricosus (ROGALSKA 1954) Danz£-Corsın & LAVEINE 
1963 


Abb. 7/10, Bohrung Iilmensee 3, Teufe: 1827,5 m, Oberrhät. 

1954: Sporites cicatricosus sp. nov. — Rocaıska 1954: 26, Taf. 12/11. 

(1955: Siereisporites perforatus n. sp. - LescHik 1955: 10, Taf. 1/3, 6. 

‚1963: Rogalskaisporites cicatricosus (RogaLska 1954) nov. comb. et emend. - Danzé- 
Corsın & LaveINE 1963: 80, Taf. 6/19-21. 


Rogalskaisporites microgranulatus (SchuLz 1970) comb. nov. 


Abb. 7/6, Bohrung Fronhofen 20, Teufe: 1799,7 m, Oberrhät. 
1970: Stereisporites (Rogalskaisporites) microgranulatus sp. n. - SchuLz 1970: 699, Taf. 
136/19-24. 


Bemerkungen: Der Zusammenfassung von Moossporen in der Gattung 
Stereisporites, im Sinne von KrutscH 1959 (S. 70-75) und Scuutz 1970 (S. 
683-709), wird hier nicht Folge geleistet. Die Taxonomie der Gattungen der 

Sporae dispersae beruht auf einem morphologischen System. Somit ist eine 
' Zusammenziehung morphologisch verschiedener Gattungen als Untergat- 
tungen nicht zweckmäßig. 


Genus Stereisporites THOMSON & PFLUG 1953 


Stereisporites sp. 


Abb. 6/16, Bohrung Kirchdorf 5, Teufe: 1826,6 m, Hettangium. 


Bemerkungen: Trilete Microspore mit kreisförmiger Aquatorkontur 
und infragranulater Exine. Auf der Distalseite ist eine hellere Zone im 
‚äußeren Bereich und eine dunklere Zone im inneren Bereich zu erkennen. 


Infraturma Patinati BUTTERWORTH & Wırrıams 1958 
Genus Camarozonosporites Pant 1954 ex Potonié 1956 
Camarozonosporites rudis (LescHik 1955) Kraus 1960 


Abb. 6/28, Bohrung Pfullendorf 8, Teufe: 1033,8 m, Mittelrhät. 

1955: Verrucosisporites rudis n. sp. - LescHik 1955: 12, Taf. 1/15. 

1960: Camarozonosporites rudis (LescHik 1955) nov. comb. et emend. - Kraus 1960: 
136, era West, 2A N 


Camarozonosporites laevigatus SCHULZ 1967 


Abb. 7/3, Bohrung Pfullendorf 8, Teufe: 1035,8 m, Mittelrhät. 
1967: Camarozonosporites (Camarozonosporites) laevigatus sp. n. - ScHuLz 1967: Des 
Taf. 7/7-9. 


11 N. Jb. Geol. u. Paläont. Abh. Bd. 173 
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Infraturma Zonati Poronté & Kremp 1954 
Genus Cingulizonates Dysova & JACHOWiIcz 1957 
Cingulizonates inaequalis (MADLER 1964) Lunp 1977 


Abb. 7/13, Bohrung Fronhofen 20, Teufe: 1805,4 m, Oberrhat. 

1964: Aequitradites inaequalis n. sp. - Mäpıer 1964b: 191, Taf. 3/11. 

1977: Cingulizonates cf. inaequalis MADLER 1964 species n. comb. - Lunp 1977: 63, 
Tarot 


Cingulizonates rhaeticus (REINHARDT 1962) ScHuLz 1967 


Abb. 7/22, Bohrung Illmensee 3, Teufe: 1827,5 m, Oberrhät. 
1962: Aequitriadites? rhaeticus n. sp. - REINHARDT 1962: 709, Taf. 2/3. 
1967: Cingulizonates rhaeticus (REINHARDT 1962) comb. n. - Schurz 1967: 584, Taf. 
IA, “Te 
Genus Limbosporites Nitsson 1958 

Limbosporites lundbladii Nitsson 1958 
Abb. 7/14, Bohrung Unterschmeien 3, Teufe: 729,1 m, Hettangium. 
1958: Limbosporites lundbladii n. sp. - Nitsson 1958: 47, 48, Taf. 3/7. 

Genus Semiretisporites REINHARDT 1962 


Semiretisporites gothae REINHARDT 1962 


Abb. 6/31, Bohrung Fronhofen 20, Teufe: 1805,0 m, Oberrhät. 
1962: Semiretisporites gothae n. sp. - REINHARDT 1962: 709, Taf. 2/5, 6. 


Semiretisporites sp. 


Abb. 7/18, Bohrung Pfullendorf 8, Teufe: 1035,8 m, Mittelrhät. 


Bemerkungen: Größe 80 um. Die vorliegende Art unterscheidet sich 
von den bisher bekannten Arten durch ihre feinreticulate bis foveolate 
Distalseite des Zentralkörpers. 


Abb. 6. Vergrößerung 500 x. 

1) Concavisporites auritorus; 2) Concavisporites crassexinius; 3) Concavisporites lundii n. 
sp. (Holotyp); 4) Concavisporites lundii n. sp. (Paratyp); 5) Concavisporites 
triclavis; 6) Deltoidospora mesozoicus; 7) Concavisporites toralis; 8) Calamospora tenera; 
9) Punctatisporites fissus; 10) Punctatisporites minor; 11) Carnisporites granulatus; 12) 
Granulatisporites punctatus; 13) Acanthotriletes varius; 14) Anapiculatisporites spiniger; 
15) Anapiculatisporites telephorus; 16) Stereisporites sp.; 17) Conbaculatisporites cf. 
longdonensis; 18) Baculatisporites wellmanti; 19) Baculatisporites comaumensis; 20) Apicu- 
latisporites plicatus; 21) Tigrisporites rhaeticus; 22) Lycopodiacidites frankonensis; 23) 
Lycopodiumsporites austroclavatidites; 24) Selagosporis mesozoicus; 25) Triancoraesporites 
ancorae; 26) Echinatisporis megaspiniger; 27) Foraminisporis jurassicus; 28) Camarozono- 


sporites rudis; 29) Conbaculatisporites baculatus; 30) Trachysporites fuscus; 31) Semireti- 
sporites gothae. 
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Abb. 6 (Legende s.S. 148) 
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Infraturma Auriculati Scuopr 1938 emend. Potonié & Kremp 1953 
Genus Cornutisporites ScHuz 1962 
Cornutisporites seebergensis SCHULZ 1962 
Abb. 7/1, Bohrung Pfullendorf 8, Teufe: 1033,8 m, Mittelrhat. 
1962: Cornutisporites seebergensis n. sp. - ScHuLz 1962: 310, Taf. 2/7, 8. 
Genus Triancoraesporites ScHuLz 1962 
Triancoraesporites ancorae (REINHARDT 1962) ScHuLz 1967 


Abb. 6/25, Bohrung Pfullendorf 8, Teufe: 1035,8 m, Mittelrhät. 

1962: Waltzispora ancorae n. sp. - ReınHarpt 1962: 705, Taf. 1/14. 

1967: Triancoraesporites ancorae (REINHARDT 1962) comb. n. - ScnuLz 1967: 580, Taf. 
NARS 


Triancoraesporites reticulatus SCHULZ 1962 


Abb. 7/2, Bohrung Pfullendorf 8, Teufe: 1033,8 m, Mittelrhat. 
1962: Triancoraesporites reticulatus sp. n. - ScHuLz 1962: 311, Taf. 2/12, 13. 


Suprasubturma Perinotriletes ERDTMANN 1947 


Genus Perinosporites Schulz 1962 


Perinosporites thuringiacus SCHULZ 1962 
Abb. 7/5, Bohrung Pfullendorf 8, Teufe: 1035,8 m, Mittelrhät. 
1962: Perinosporites thuringiacus n. sp. - ScHutz 1962: 309, Taf. 1/1, 2. 
Perinosporites sp. A 


Abb. 7/11, Bohrung Pfullendorf 8, Teufe: 1035,8 m, Mittelrhät. 
non: 1976:  Perinosporites thuringiacus SCHULZ. - SCHUURMAN 1976: 195, Taf. 9/4, 3. 


Bemerkungen: Perinosporites sp. A zeichnet sich durch ein distales 
Reticulum aus, bei Perinosporites thuringiacus dagegen ist das „Perispor distal 
unregelmäßig verfaltet“ (ScHuLz 1962: 309). Indolata reticulata Dr JERSEY 
(1968: 9, Taf. 2/1, 2, 4, 5) besitzt kein Perispor und hat zusätzlich Coni und 
Verrucae in der Äquatorregion. 


Perinosporites sp. B 
Abb. 7/15, Bohrung Pfullendorf 8, Teufe: 1035,8 m, Mittelrhät. 


Bemerkungen: Perinosporites sp. B unterscheidet sich von den bisher 
bekannten Arten dieser Gattung durch einen distalen Ring. 
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Genus Zebrasporites Kraus 1960 emend. Schurz 1967 
Zebrasporites interscriptus (THIERGART 1949) Kraus 1960 


| Abb. 7/9, Bohrung Fronhofen 20, Teufe: 1796,5 m, Hettangium. 
1949: Sporites interscriptus n. sp. - THIERGART 1949: 12, Taf. 11/9. 
1960: Zebrasporites (al. Sporites) interscriptus nov. comb. - Kraus 1960: 139-140 


Zebrasporites laevigatus (SCHULZ 1962) ScHuLz 1967 


Abb. 7/8, Bohrung Pfullendorf 8, Teufe: 1033,8 m, Mittelrhät. 
‚1962: Thuringiasporites laevigatus sp. n. - Scuutz 1962: 310, Taf. 1/6. 


1967: Zebrasporites laevigatus (ScHULZ 1962) comb. n. - ScHutz 1967: 589, Tar. 15/10, 
ill 


Suprasubturma Cameratitriletes Neves & Owens 1966 
Genus Densosporites (BERRY 1937) Poronré & Kremp 1954 
Densosporites fissus (REINHARDT 1964) ScHuLz 1967 


Abb. 7/16, Bohrung Pfullendorf 8, Teufe: 1033,8 m, Mittelrhat. 

1964: Densoisporites fissus sp. n. - REINHARDT 1964: 54, Taf. 2/1-3. 

1964: Cingulizonites rhaeticus sp. n. -— MADLER 1964 b: 184, Taf. 2/18, 19. 

1967: Densosporites fissus (REINHARDT 1964) comb. n. - ScHuLz 1967: 582, Taf. 12/5, 6. 


Genus Uvaesporites Döring 1965 
Uvaesporites reissingeri (REINHARDT 1962) Lunp 1977 


| 

Abb. 7/19, Bohrung Fronhofen 20, Teufe: 1796,5 m, Hettangium. 

1962: Trilites reissingeri n. sp. - REINHARDT 1962: 707, Taf. 1/2. 

(1977: Uvaesporites reissingeri REINHARDT 1962, species n. comb. - Lunp 1977: 60, Taf. 
3/14. 


Genus Heliosporites Schulz 1962 


Heliosporites altmarkensis ScHuLz 1962 


Abb. 7/20, Bohrung Gaisbeuren 2, Teufe: 2348,5 m, Hettangium. 
‚1962: Heliosporites altmarkensis n. sp. - ScHuLz 1962: 311, Vatei/9 undalar 210m. 


Bemerkungen: Synonyme vergl. Morsey 1975: 21 und Lunp 1977: 64. 


Turma Monoletes IBRAHIM 1933 


| Suprasubturma Acameratomonoletes Wırrıams 1971 


Genus Marattisporites CoupEr 1958 
Marattisporites scabratus CoupER 1958 


| Abb. 7/27, Bohrung Illmensee 3, Teufe: 1822,3 m, Hettangium. 
1958: Marattisporites scabratus n. sp. - Courer 1958: 133, 134, Taf. 15/20-23. 
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Abb. 7 (Legende s.S. 153) 
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Genus Polypodiisporites Potonié & GELLETICH 1933 ex. Poronıt 1956 
‚ Polypodiisporites polymicroforatus (ORLOWSKA-ZWOLINSKA 1966) Lunp 1977 


Abb. 7/24, Bohrung Pfullendorf 8, Teufe: 1035,2 m, Mittelrhät. 


| 1966: Foveosporites polymicroforatus sp. nov. - ORLOWSKA-ZWOLINSKA 1966: 1011, Taf. 
PHP INSS, NGS aoael TEN, 3719-21, 


1977: Polypodusporites polymicroforatus ORLOWSKA-ZWOLINSKA 1966, species n. comb. 
| — FUNDE 9758 Tat, 3/6 ab. 


Suprasubturma Cameratomonoletes Wırrıams 1971 
Genus Aratrisporites LescHnik 1955 emend. PLayrorp & DETTMAnNn 1965 
Aratrisporites fimbriatus (Kraus 1960) PLayrorp & Dettmann 1965 


| Abb. 7/21, Bohrung Pfullendorf 8, Teufe: 1035,8 m, Mittelrhät. 

1960: Saturnisporites fimbriatus n. sp. - Kraus 1960: 142, 143, Taf. 32/32, 33. 

| 1965: Aratrisporites fimbriatus (Kıaus) n. comb. - PLAYFORD & DETTMANN 1965: 152, o. 
Abb. 


Aratrisporites minimus ScHuLz 1967 


Abb. 7/25, Bohrung Illmensee 3, Teufe: 1823,8 m, Hettangium. 
1967: Aratrisporites minimus sp. n. - ScHuLz 1967: 592, Taf. 16/7-9. 


Aratrisporites palettae (Klaus 1960) Playford & Dettmann 1965 


Abb. 7/23, Bohrung Pfullendorf 8, Teufe: 1035,8 m, Mittelrhät. 
1960: Saturnisporites palettae n. sp. - Kraus 1960: 144, Taf. .32/36. 
1965: Aratrisporites palettae (Kraus) n. comb. - PLAyrFoRD & Dettmann 1965: 152, o. 


| Abb. 


Anteturma Pollenites Poronié 1931 


Turma Protosaccites ScHEURING 1974 


| Abb. 7. Vergrößerung 500 x. 

| 1) Cornutisporites seebergensis; 2) Triancoraesporites reticulatus; 3) Camarozonosporites 
| laevigatus; 4) Neochomotriletes triangularis; 5) Perinosporites thuringiacus; 6) Rogalskai- 
sporites microgranulatus; 7) Annulispora microannulata; 8) Zebrasporites laevigatus; 9) 
Zebrasporites interscriptus; 10) Rogalskaisporites cicatricosus, 11) Perinosporites sp. A; 12) 
Contignisporites problematicus; 13) Cingulizonates inaequalis; 14) Limbosporites 
lundbladii; 15) Perinosporites sp. B; 16) Densosporites fissus; 17) Discisporites psilatus; 18) 
Semiretisporis sp.; 19) Uvaesporites reissinger; 20) Heliosporites altmarkensis; 21) Aratrı- 
sporites fimbriatus; 22) Cingulizonates rhaeticus; 23) Aratrisporites palettae; 24) Polypodiu- 
| sporites polymicroferatus; 25) Aratrisporites minimus; 26) Ovalipollis pseudoalatus; 27) 
Marattisporites scabratus; 28) Monosulcites minimus; 29) Monosulcites punctatus; 30) 
Lunatisporites rhaeticus. 
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Subturma Protodisaccites ScHEURING 1974 


Infraturma Protosaccistriatiti SCHEURING 1974 


Genus Lunatisporites LescHik 1955 emend. Scueurine 1970 
Lunatisporites rhaeticus (ScHULZ 1967) WarRINGTON 1974 


Abb. 7/30, Bohrung Fronhofen 20, Teufe: 1805,4 m, Oberrhät. 
1967: Taeniaesporites rhaeticus sp. n. - ScHuLz 1967: 597, 598, ie. 1, 
1974: Lunatisporites rhaeticus (SCHULZ) nov. comb. - WarRINGTON 1974: 144, o. Abb. 


Genus Ovalipollis KrutscH 1955 emend. SCHUURMAN 1976 
Ovalipollis breviformis Krursch 1955 


Abb. 8/9, Bohrung Dingelsdorf 1, Teufe: 1675,2 m, Mittelrhät. 
1955: Ovalipollis breviformis n. fsp. - Krursch 1955: 70, Taf. 1/8. 


Ovalipollis pseudoalatus (THIERGART 1949) SCHUURMAN 1976 


Abb. 7/26, Bohrung Pfullendorf 8, Teufe: 1035,8 m, Mittelrhät. 
1949: Pollenites pseudoalatus n. sp. -— THIERGART 1949: 9, Taf. 1/15. 
1955: Ovalipollis ovalis n. fsp. - Krursch 1955: 70, Taf. 1/1-3. 


1976: Ovalipollis pseudoalatus (THIERGART 1949) SCHUURMAN nov. comb. — SCHUURMAN 
1976: 250, Taf. 1-8. 


Genus Protosacculina Matyavktna 1953 emend. JANsonius 1962 
Protosacculina macrosacca SCHULZ 1967 


Abb. 8/6, Bohrung Fronhofen 20, Teufe: 1805,4 m, Oberrhät. 
1964: Thuringiasaccus multistriatus n. sp. -— MADLER 1964a: 59, Taf. 3/7, 8. 


1967: Protosacculina macrosacca nom. n. - ScHULZ 1967: 598, Taf. 18/5, 6 und Taf. 26/ 
33 


Bemerkungen: Protosacculina macrosacca ist nach Art. 64 und Art. 72 
ICBN (1983) der giiltige Name. 


Turma Saccites ERDTMANN 1947 
Subturma Monosaccites CHITALEY 1951 emend. Poronit & Kremp 1954 


Infraturma Saccizonati BHaRADWAY 1957 


Genus Cerebropollenites Nıusson 1958 
Cerebropollenites macroverrucosus (THIERGART 1949) Pocock 1970 


Abb. 8/18, Bohrung Pfullendorf 8, Teufe: 1035,8 m, Mittelrhät. 

1949: Pollenites macroverrucosus n. sp. — THIERGART 1949: 17, Taf. 2/19. 

1958: Tsugaepollenites mesozoicus n. sp. - Couper 1958: 155, 156, Taf. 30/8-10. 
1964: Camerosporites pseudomassulae n. sp. - MADLER 1964 b: 183, Taf. 2/17. 


1970: Cerebropollenites macroverrucosus (THIERGART) n. comb. - Pocock 1970: 99" ar 
MSs Du, 


Abb. 
1955: 
OTT 


Abb. 


1958: 


_ Abb. 


1958: 
1970: 


Abb. 


1958: 
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1938: 
1950: 


1958: 
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Cerebropollenites thiergartii Scuurz 1967 


Abb. 8/16, Bohrung Kirchdorf 5, Teufe: 1826,6 m, Hettangium. 
ı 1967: Cerebropollenites thiergartii sp. n. - ScHuLz 1967: 603, 604, Taf. BWI te 


Subturma Disaccites Cookson 1947 


Infraturma Diascciatrileti Lescurk 1955 emend. Potonié 1958 


Genus Alisporites DAUGHERTy 1941 emend. Jansonius 1971 
Alisporites radialis (LescHik 1955) Lunp 1977 


8/2, Bohrung Dingelsdorf 1, Teufe: 1670,0 m, Mittelrhat. 
Cuneatisporites radialis n. sp. - Lescutx 1955: 66, Taf. 10/6. 
Alisporites radialis, LescHik 1955, species n. comb. - Lunp 1977: 75, Taf. 9/3, 4. 


Alisporites robustus Nitsson 1958 


8/1, Bohrung Fronhofen 20, Teufe: 1805,4 m, Oberrhät. 
Alisporites robustus n. sp. - Nırsson 1958: 82, 83, Taf. 8/2, 3. 


Genus Pinuspollenites Raatz 1937 
Pinuspollenites minimus (CoupEr 1958) Kemp 1970 


8/4, Bohrung Fronhofen 20, Teufe: 1790,1 m, Hettangium. 
Abietineaepollenites minimus n. sp. - Couper 1958: 153, Taf. 28/14, 15. 
Pinuspollenites minimus (CouPpeEr) comb. nov. - Kemp 1970: 116, Taf. 24/1-6. 


Genus Vitreisporites LescHik 1955 
Vitreisporites bjuvensis Nırsson 1958 


8/5, Bohrung Pfullendorf 8, Teufe: 1035,8 m, Mittelrhät. 
Vitreisporites bjuvensis n. sp. - Nırsson 1958: 79, Taf. 7/11. 


Vitreisporites pallidus (ReıssingGer 1950) Nırsson 1958 


8/10, Bohrung Illmensee 3, Teufe: 1821,7 m, Hettangium. 

Pityosporites pallidus n. sp. - ReıssinGer 1938: 14, 0. Abb. 

Pityopollenites n. comb. (Pityosporites pallidus Reıssinger 1938). — REISSINGER 
1950: 109, Taf. 15/1-5. 

Vitreisporites pallidus (ReIssiNGER) n. comb. - Nırsson 1958: 78, Taf. 7/12-14. 


Turma Aletes IpraHim 1933 


Subturma Azonaletes Luger 1935 emend. Poronié & Kremp 1954 
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Infraturma Psilonapiti ERpTMAN 1947 
Genus Perinopollenites Couper 1958 
Perinopollenites elatoides CoupER 1958 


Abb. 8/3, Bohrung Dingelsdorf 1, Teufe: 1659,4 m, Hettangium. 

1958: Perinopollenites elatoides n. sp. - Couper 1958: 152, Taf. 27/9-11. 
1958: Equisetosporites hullei n. sp. - Nusson 1958: 66, 67, Taf. 5/20. 
1964: Ballosporites hians n. sp. - MAvLER 1964 b: 179, Taf. .2/6-10. 


Perinopollenites cf. elatoides Couper 1958 


Abb. 8/7, Bohrung Fronhofen 20, Teufe: 1812,5 m, Mittelrhät. 


Bemerkungen: Perinopollenites cf. elatoides unterscheidet sich von 
Perinopollenites elatoides (Holotyp) Couper 1958, Taf. 27/9 durch den 
kleineren und dickwandigeren Innenkörper. Vergleiche: Couper 1958, Taf. 
2710. unde bunny O7 Ta 


Infraturma Granulonapiti COOKSON 1947 
Genus Araucariacites Cooxson 1947 
Araucariacites australis n. sp. - CooKson 1947 


Abb. 8/8, Bohrung Gaisbeuren 2, Teufe: 2349,5 m, Hettangium. 
1947: Araucariacites australis n. sp. - Cooxson 1947: 130, Taf. 13/3. 


Turma Plicates Naumova 1937 emend Potonié 1960 


Subturma Praecolpates Poronı£ & Kremp 1954 


Genus Quadraeculina Matyavxina 1949 
Quadraeculina anellaeformis MatyavKina 1949 


Abb. 8/21, Bohrung Pfullendorf 8, Teufe: 1031,0 m, Hettangium. 
1949: Quadraeculina anellaeformis n. gen. - MaAtyavKina 1949: 110, Taf. 39/3. 


Subturma Polyplicates ERptman 1952 
Genus Ephedripites BoLcHovIrina 1953 ex Poronı£ 1958 


Ephedripites tortuosus MÄDLER 1964 


Abb. 8/11, Bohrung Fronhofen 20, Teufe: 1812,5 m, Mittelrhät. 
1964: Ephedripites tortuosus n. sp. - MADLER 1964 b: 194, Taf. 3/17. 
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Subturma Monocolpates Iversen & TROELS-SMITH 1950 
Genus Chasmatosporites Nıusson 1958 


Chasmatosporites apertus (RoGALsKa) Nırıson 1958 


| ‘Abb. 8/20, Bohrung Kirchdorf 5, Teufe: 1825,7 m, Hettangium. 
| 1954: Pollenites apertus n. sp. - Rocauska 1954: 45, Taf. 12/13-15. 


1958: Chasmatosporites apertus (RoGALSKA) n. comb.‘- Nırsson 1958: 56, Taf. 4/5, 6. 
Chasmatosporites hians Nırsson 1958 


Abb. 8/19, Bohrung Pfullendorf 8, Teufe: 1031,0 m, Hettangium. 
1958: Chasmatosporites hians n. sp. - Nırsson 1958: 55, Taf. 4/3, 4. 


Genus Monosulcites Cookson 1947 ex Couper 1953 
Monosulcites minimus CooKson 1947 


Abb. 7/28, Bohrung Gaisbeuren 2, Teufe: 2349,5 m, Hettangium. 
1947: Monosulcites minimus sp. nov. - Cooxson 1947: 135, Taf. 13/47-50. 


Monosulcites punctatus ORLOWSKA-ZWOLINSKA 1966 


Abb. 7/29, Bohrung Fronhofen 20, Teufe: 1791,1 m, Hettangium. 


1966: Monosulcites punctatus nov. sp. - ORLOWSKA-ZWOLINSKA 1966: 1015, Taf. 9/46. 


Genus Ricciisporites LuNpBLAD 1954 
Ricciisporites tuberculatus LUNDBLAD 1954 


Abb. 8/15, Bohrung Pfullendorf 8, Teufe: 1035,8 m, Mittelrhät. 
1954: Ricciisporites tuberculatus n. gen. - LunpsLap 1954: 401, Taf. 4/8. 


Turma Poroses Naumova 1937, 1939? emend. Poronı£ 1960 


Subturma Monoporines Naumova 1937, 1939? 


Genus Classopollis Prruc 1953 


Bemerkungen: Eine ausführliche Diskussion der Gattung und deren 
Synonymie findet sich bei Srivastava 1976. 


Classopollis meyerianus (Kraus 1960) DE JERSEY 1973 


Abb. 8/13, Bohrung Gaisbeuren 2, Teufe: 2344,6 m, Hettangium. 
1960: Circulina meyeriana n. sp. - Kraus 1960: 165, Taf. 36/58. 


| 1973: Classopollis meyeriana (Kraus) comb. nov. - DE Jersey 1973: 230, Taf. 3/5-10 


und Taf. 4/4-6. 
Classopollis torosus (REISSINGER 1950) CoureEr 1958 


Abb. 8/14, Bohrung Pfullendorf 8, Teufe: 1033,8 m, Mittelrhat. 
1950: Pollenites torosus n. sp. — Reıssinger 1950: 115, Taf. 14/15-28. 
1958: Classopollis torosus (REISSINGER) n. comb. - Couper 1958: 156, 157, Tar. 28/2-7. 
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Genus Geopollis n. g. 
Typart: Geopollis zwolinskae (LUND 1977) comb. nov. 


Derivatio nominis: Aus dem gr. „ge“ = Erde, wegen der kugeligen Gestalt und 
der, den Wendekreisen der Erde entsprechenden Ringfurchen. 

Diagnosis generico-specifica: Fossile Pollenkörner kugeliger Gestalt. An den 
Polen Exinenverdiinnungen, am proximalen Pol in Form eines hellen Dreiecks, am 
distalen Pol in Form eines hellen Kreises. Parallel zum Aquator verlaufen zwei 
Ringfurchen. 


Vergleich: Geopollis n. g. besitzt an den Polen, ebenso wie Classopollis 
und Granuloperculatipollis, Exinenverdiinnungen in Form eines Dreiecks 
(proximal) bzw. eines Kreises (distal). Exinenverdünnungen in Form äquator- 
paralleler Furchen treten bei Granuloperculatipollis nicht auf. Classopollis 
besitzt eine Furche distal vom Äquator, Geopollis n. g. dagegen zwei, je eine 
proximal und distal. 


Geopollis zwolinska (LUND 1977) comb. nov. 


Abb. 8/12, Bohrung Pfullendorf 8, Teufe: 1033,8 m, Mittelrhat. 

1972: Circulina sp. nov. - FisHer 1972: 105, Taf. 8/22. 

1975: Gliscopollis meyeriana (Kiaus 1960) VENKATACHALA 1966. -— Morsey 1975: nur 
Taf.. 12/10. 

1975: Granuloperculatipollis cf. rudis VENKATACHALA & GöczAn 1964 emend. - 
Morsey 1975: 38, Taf. 12/14-17. 

1977: Corollina sp. - SCHUURMAN 1977: 215, Taf. 22/8. 

Basionym: 

1977: Corollina zwolinskai n. sp. - Lunp 1977: 70, Taf. 7/5a, b. 


Bemerkungen: Lunn (1977: 70) erkannte schon, daß seine neue Art 
Corollina zwolinska aufgrund ihrer charakteristischen zwei Ringfurchen einer 
eigenen Gattung zuzuweisen sei, stellte aber kein neues Genus auf, weil die 
Morphologie der Gattung Corollina unklar war. 

SrIvasTAavA (1976) hielt Corollina für eine ungültige Gattung im Sinne 
des ICBN und stellt die bisherigen Arten in die Gattung Classopollis. 


Incerta sedis 
Genus Rhaetipollis SchuLz 1967 
Rhaetipollis germanicus ScHhuLz 1967 


Abb. 8/17, Bohrung Pfullendorf 8, Teufe: 1035,8 m, Mittelrhät. 


1967: Rhaetipollis germanicus sp. n. - ScHuLz 1967: 605, 606, Taf. 22/10-15 und Taf. 
26/4. 


Gruppe Acritarcha Evırr 1963 


Untergruppe Acanthomorphitae Downiz, Evitr & SARJEANT 1963 
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Genus Baltisphaeridium Eıisenack 1958 
Baltisphaeridium dehilispinum Wau. & Downie 1963 


. 8/31, Bohrung Illmensee 3, Teufe: 1815,8 m, Hettangium. 
: Baltisphaeridium debilispinum Watt & Downie, new species. - Watt & Downie 
WOXSS3 IG, WIS, Teves 1127162: 


Genus Leiofusa Etsenack 1938 
Leiofusa jurassica CooKson & EISENACK 1958 


. 8/22, Bohrung Dingelsdorf 1, Teufe: 1666,0 m, Hettangium. 
: Leiofusa jurassica sp. nov. - Cooxson & Eisenack 1958: 51, Taf. 10/3, 4. 


Genus Veryhachium DEunrr 1958 emend. Downie & Sarjeant 1963 


Veryhachium irregulare DE JEKHOWSKY 1960 


| Abb. 8/28, Bohrung Unterschmeien 3, Teufe: 729,1 m, Hettangium. 
11950: Veryhachium? irregulare n. sp. - DE JEKHOWsKy 1960: 208, 210, Taf. 1/1-21. 
| 


Abteilung Pyrrhophyta Pascher 1914 
Klasse Dinophyceae Fritsch 1929 


Ordnung Peridiniales Harcxet 1896 


Genus Dapcodinium Evırr 1961 emend. DÖöRHÖöFER & Davis 1980 


Dapcodinium priscum Evitt 1961 


Abb. 8/27, Bohrung Pfullendorf 8, Teufe: 1035,8 m, Mittelrhät. 
‚1961: Dapcodinium priscum n. gen. n. sp. - Evitr 1961: 996-1001, Abb. 1-20, Taf. 119. 


Genus Dapsilidinium Bujax, Downiz, Eaton & WILLIAMS 1980 
Dapsilidinium langii (Wat 1965) Lentin & Wırrıams 1981 


| Abb. 8/30, Bohrung Pfullendorf 8, Teufe: 1033,8 m, Mittelrhät. 

1965: Hystrichosphaeridium langii WaıL, new species. - Watt 1965: 165, Taf. 6/9-11 
| undelat 9/9. 

11981: Dapsilidinium langii (Watt, 1965 a) comb. nov. - Lentin & Wırrıams 1981: 69, 
| o. Abb. 


Genus Liasidium Druce 1978 
Liasidium variabile Druce 1978 


. 8/25, Bohrung Unterschmeien 3, Teufe: 729,1 m, Hettangium. 
: Liasidium variabile Druce, n. sp. - Drucc: 1978: 69, 70, Taf. 4/10 und Taf, 5/ 
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Genus Rhaetogonyaulax SARJEANT 1966 emend. HARLAND, MORBEY & SARJEANT 
1975 


Rhaetogonyaulax rhaetica (SARJEANT 1963) LorBLICH & LOEBLICH 1968 


Abb. 8/23, Bohrung Fronhofen 20, Teufe: 1812,5 m, Mittelrhät. 

1963: Gonyaulax rhaetica sp. nov. - SARJEANT 1963: 353, 354, Abb. 1-3. 

1968: Rhaetogonyaulax rhaetica (SARJEANT) LOEBLICH & LOEBLICH, comb. nov. - 
LoeEsLicH & LogBLicH 1968: 213, o. Abb. 


Rhaetogonyaulax uncinata FisHER & VON HEeELpEN 1979 


Abb. 8/24, Bohrung Fronhofen 20, Teufe: 1812,5 m, Mittelrhät. 


1979: Rhaetogonyaulax uncinata sp. nov. - FISHER & van HELDEN 1979: 274, Taf. 1/3- 


Seundalara 272328: 


Abteilung Chlorophyta PascHer 1914 
Klasse Chlorophyceae Kürzıng 1943 


Familie Botryococcaceae Witte 1909 


Genus Botryococcus Kützıng 1849 
Botryococcus sp. 


Abb. 8/26, Bohrung Dingelsdorf 1, Teufe: 1675,2 m, Mittelrhät. 


Stamm Protozoa GoLpruss 1818 
Klasse Rhizopoda SırsoLp 1845 


Ordnung Foraminiferida Zporzewski 1834 


Abb. 8. Vergrößerung 500 x. 

1) Alisporites robustus; 2) Alisporites radialis; 3) Perinopollenites elatoides; 4) Pinuspolle- 
nites minimus; 5) Vitreisporites bijuvensis; 6) Protosacculina macrosacca; 7) Periniopolle- 
nites cf. elatoides; 8) Araucariacites australis; 9) Ovalipollis breviformis; 10) Vitreisporites 
pallidus; 11) Ephedripites tortuosus; 12) Geopollis zwolinskae; 13) Classopollis meyerianus; 
14) Classopollis torosus; 15) Ricciisporites tuberculatus; 16) Cerebropollenites thiergartii; 
17) Rhaetipollis germanicus; 18) Cerebropollenites macroverucosus; 19) Chasmatosporites 
apertus; 20) Chasmatosporites hians; 21) Quadraeculina anellaeformis; 22) Leiofusa 
Jurassica; 23) Rhaetogonyaulax rhaetica; 24) Rhaetogonyaulax uncinata; 25) Liasidium 
variabile; 26) Botryococcus; 27) Dapcodinium priscum; 28) Veryhachium irregulare; 29) 
Algenkolonie; 30) Dapsilidinium langi; 31) Balitsphaeridium debilispinum; 32) Foramini- 
ferentapete. 


Palynostratigraphie der Rhat-Lias-Grenze 


) 


Abb. 8 (Legende s.S. 160 


162 Wolfram Brenner 
Foraminiferentapete (?7rochammina sp.) 


Abb. 8/32, Bohrung Pfullendorf 8, Teufe: 1035,8 m, Mittelrhat. 


Incerta sedis 
?Algenkolonie 


Abb. 8/29, Bohrung Dingelsdorf 1, Teufe: 1675,2 m, Mittelrhat. 
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Plectonotus and Plectonotoides, New Subgenus of Plecto- 
notus (Bellerophontacea: Gastropoda) and their Biogeo- 
graphic Significance 


By 
| A. J. Boucot, Corvallis, D. M. Rohr, Alpine, Jane Gray, Eugene, 
Alvaro de Faria, Brazilia, and G. K. Colbath, St. Lucia 
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1Boucot, A. J., Ror, D. M., Gray, J., DE Faria, A., & Copatu, G. K. (1986): Plectonotus 
land Plectonotoides, New Subgenus of Plectonotus (Bellerophontacea: Gastropoda) and 
fei Biogeographic Significance. — N. Jb. Geol. Paläont. Abh. 173: 167-180; Stuttgart. 


Abstract: The bellerophontid gastropod Plectonotus is redefined to contain two 
isubgenera: Plectonotus (Plectonotus) based on P. derbyi Crarxe, 1899, and P. (Plectono- 
bites based on P. gaspensis CiarKe, 1907. P. (Plectonotus) is known only from the 
ilurian and Devonian of the Malvinokaffric Realm and nearby Eastern Americas 
(Pec (Amazon Basin part of the Amazon-Colombian Subprovince) whereas P. 
(1 


Plectonotoides) is known from the Silurian and Devonian of the extra-Malvinokaffric 
lin Europe and North America. 


{Key words: Gastropoda, Plectonotus, Plectonotoides, Silurian, Devonian, biogeography; 
ae Basin, Brazil. 
usammenfassung: Die Bellerophontiden-Gattung Plectonotus enthalt zwei Subgenera: 
. (Plectonotus) gründet sich auf P. derbyi Crarke 1899, P. (Plectonotoides) auf P. 
igaspensis CLarke 1907. P. (Plectonotus) ist nur aus dem Silur und Devon der Malvino- 
faces Region und dem Amazonas-Becken bekannt, P. (Plectonotoides) aus dem 
Silur und Devon des außer-malvinokaffrischen Bereichs in Europa und Nordamerika. 


| Introduction 


We have (Gray et al., 1985) earlier documented the basis for assigning the 
arand Basin (Fig. 1) Vila Maria Formation to the Early Silurian, and 
entioned that the genus Plectonotus has been found in it associated with 
Early Llandovery spore tetrads and acritarchs. In this paper we will redefine 
he bellerophontid Plectonotus to contain two subgenera: Plectonotus (Plecto- 
notus) based on P. derbyi CLARKE, 1899, and P. (Plectonotoides) based on P. 
igaspensis CLARKE, 1907. 
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Fig. 1. Location of the Paranä Basin and occurrences of Plectonotus (Plectonotus) known 
from the Devonian of Brazil. Lithologic Units: 1. Maecuru, Ereré and Curuä Forma- 
tions; 2. Serra Grande, Pimenteira, Cabegas and Longä Formations; 3. Correlatives of 
the Serra Grande Formation outside the Parnaiba Basin: Carira Formation in the 
Chapada do Araripe (3) and in the Basin of Säo Jose do Belmonte (4); and Tacaratu | 
Formation in the Mirandiba Basin (5), Tupanaci Basin (6), Afogados da Ingazeira Basin | 
(7) and Betänia Basin (8); 9. Tacaratu and Inajä Formations; 10. Chapada Group; 11. 
Campos Gerais Group; 12. Coimbra Formation; 13. Ägua Bonita Formation; 14.% 
Jatuarana Group; 15. Pimenta Buena Formation; 16. Jauru Formation. Structural Arcs | 
(I-XVI) and syncline (XVII): I-Iquitos; II-Purus; III-Santarem; IV-Gurupä; V-Tocantins; | 
VI-Guamä; VII-Ferrer — Urbano Santos; VIII-Saö Francisco; IX-Alto Xingu; X-Säo 
Vicente; XI-Goiänia or Canastra; XII-Tres Lagoas; XIII-Campo Grande; XIV-Asuncién; ! 
XV-Ponta Grossa; XVI-Rio Grande; XVII Torres) (Sources: AımEipa et al., 1971;) 
BizıneıLa et al., 1980; NORTHFLEET et al., 1969; Ramos, 1970; SantIaco et al., 1980; ! 
SCHOBBENHAUS et al., 1981; SCHOBBENHAUS et al., 1982). \ 
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Systematic Paleontology 
Superfamily Bellerophontacea M’Coy, 1851 
Family Bellerophontidae M’Coy, 1851 
Genus Plectonotus CLARKE, 1899 


Type species: Plectonotus derbyi CiarKe, 1899. 


Discussion: Boucor and Saut (in Sau, Boucot, & Finks, 1963, De 
1047) transferred Plectonotus from the Sinuitidae to the Bellerophontidae 
based on the presence of a true slit and selenizone, and noted that the 
Silurian and Devonian forms assigned at that time to Plectonotus could be 
divided into two groups whose stratigraphic ranges are now known to 
overlap extensively. The genus was informally divided into two groups: the 
trilobatus group and the derbyi group. Peer (1972) removed most of the forms 
assigned to Plectonotus trilobatus (including P. trilobatus Sowersy, 1839, the 
type species of Tritonophon Örık, 1953) and placed them in Tritonophon (Fig. 
2). Tritonophon was redescribed by Peet (1972, p. 256) as, “dorsum trilobed 
| with the selenizone occupying the full width of the upper surface of the 
| strongly vaulted median lobe.” In this report we subdivide the remaining 
| Plectonotus (those with a flattened median lobe) into two subgenera. The first 
| subgenus is P. (Plectonotus). It is based on the former P. derbyi group which 
| ranges from the earlier Llandovery through the Emsian, or possibly into the 
Eifelian or Givetian (depending on the age of certain Malvinokaffric Realm 
strata which are correlated with difficulty). The second subgenus, P. (Plecto- 
notoides), contains taxa which were formerly part of the P. derbyi group. The 
new subgenus occurs in the Lower Devonian of the Eastern Americas Realm, 
and includes all of the extra-Malvinokaffric Realm Silurian forms. 


| Fig. 2. Profiles of Tritonophon, Plectonotus (Plectonotus), and P. (Plectonotoides). The 
more strongly arched median lobe of Tritonophon trilobata (A) contrasts with the 
flattened median lobe of Plectonotus (Plectonotus) derbyi (B) and the smaller ?. (Plectono- 
| toides) gaspensis. All specimens x 1.5. 
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Subgenus (Plectonotus) n. subg. 


Type species: Plectonotus (Plectonotus) derbyi CLARKE, 1899. 

Diagnosis: Large Plectonotus with three broadly flattened lobes, possessing a true 
slit and selenizone. 

Included species: 

Bellerophon (Euphemus) quadrilobatus — Satter, 1856, p. 214, Figs. 1-2. 

Plectonotus derbyi. — CLARKE, 1899, p. 38, pl. 3, figs. 14-17. 

“ Bellerophon (Plectonotus) fraternus. — REED, 1908, p. 386-387, pl. 47, figs. 3, 3a, 4. 

Plectonotus fraternus. — Boucot & Sauı, 1964, p. 1048, pl. 138, figs. 5-7, non figs. 
3584,19: 

Other species which probably belong to the subgenus include: 

Plectonotus? salteri, — CLARKE, 1899, p. 39. pl. 3, figs. 12-13. 

Bucaniella dereimsi. — Knop, 1908, p. 506, pl. 22, figs. 4, 4a, 5. 

Plectonotus (Bucaniella) dereimsi. — Crarke, 1913, p. 165, pl. 9, figs. 13-17. 

Plectonotus (Bucaniella) hapsideus. — CLARKE, 1913, p. 166, pl. 9, figs. 1-5. 

Bucaniella rectangularis. — Knop, 1908, p. 506, pl. 22, figs. 6, 6a. 


Plectonotus (Plectonotus) derbyi CLARKE, 1899 
Figs. 3 (A-C), 4 (A-C) 


Plectonotus derbyi. — CLARkE, 1899, p. 38, pl. 3, figs. 14-17. 

Plectonotus derbyi. — Boucot (in Doumant et al.), p. 267, pl. 15, figs. 1-14. 

Plectonotus derbyi. — Pre, 1974, pl. 2, figs. 10-14. 

Bucanella (Plectonotus) sp. — Porr, BURJACK, & Esteves, 1981, p. 172, pl. 2, figs. 2-4. 

“Specimens of indeterminate taxonomic affinities”. — Popp, BURJACK, & EsTEVEs, 
LISD: <1 73 pl Res. 2, 

Brachiopoda (Pentameracea). — Faria, 1982, fig. 6d. 

Archaeogastropoda. — Faria, 1982, figs. 6c, 6e-g. 


Fig. 3. Plectonotus derbyi Cıarke. All specimens from Vila Maria locale discussed in 
text. A, detailed view of dorsal portion of shell showing U-shaped sinus and growth | 
lines indicating wide selenizone, x 3, DGM-6.220-I; B, dorsal view of two specimens 
showing growth lines on outer lobes of shell, x 2, DGM-6.221-]; C, dorsal view, x 2, 
showing trilobed shape and very faint selenizone on median lobe, DGM-6.222-1. All 
figured specimens deposited in the Invertebrate Fossil Collection of the Museum of 
the Departamento Nacional da Produsäo Mineral, Rio de Janeiro. 
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Description: Strongly trilobed, bilaterally symmetrical gastropods of 
moderate to large size. Crushed, fragmentary specimens 9-23 mm wide and 
‚7-21 mm long. Broadly convex lobes with faint, flat selenizone on median 
lobe. Selenizone about half the total width of the median lobe. Umbilicus 
not well preserved, but apparently narrow. Aperture not well preserved but 
widely flared on one specimen (Popp et al., 1981, fig. 4 f). Growth lines faint, 
indicating regular margin on apertural edge of outer lobes and broad U- 
shaped sinus culminating in selenizone on median lobe. 


| Fig. 4. Crushed specimens of Plectonotus (P.) derbyi in various positions. A, side view of 
| crushed specimen, x5, DGM-6.223-I; B, oblique dorsal view showing median lobe 
| with selenizone, x 1.5, DGM-6.224-I. Note the radial pattern of the growth lines 
and slickensides due to compaction in the upper part of the figure; C, side view of 
crushed specimen, x 2, DGM-6.225-]. Note where the last whorl of the shell has been 


broken away. 


| Discussion: The description is based on 22 fragmentary specimens and 
IE illustrations of specimens from the same locality (Farta, 1982). The State 
of Giods specimens resemble P. (Plectonotus) derbyi and P. (Plectonotus) 
fraternus, both of which are known from the Lower Devonian and possibly 
the middle Devonian of the Southern Hemisphere. While it might be argued 
that the Brazilian specimens be assigned to P. (P.) fraternus, Boucor (in 
Doumant et al., 1965) noted that P (P.) fraternus may be a junior synonym of 
P. (P.) derbyi. Plectonotus? (Plectonotus) salteri CLarkE and P. (Plectonotus) 
hapsideus Crarke both are narrower in width than P. derbyi. 

Some specimens of Bucaniella dereimsi KNop, 1908 (pl. 22, figs. 4, 4a) 
resemble P (P.) derbyi in size and shape, but they are steinkerns. KNop (1908, 
p. 506) notes in his description that the shell has revolving striae and these 
features as well as the cancellate texture, are well illustrated by CLARKE 
(1913, pl. 9, figs. 13-17). A broad, spiral band on the median lobe of the 
steinkern suggests a selenizone, but its presence is not verified on the outer 
surface of the shell. If the shell does not have a selenizone, then it is not 


assignable to Plectonotus. 
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Popp, Burjack & Esteves (1981) describe Bucanella (Plectonotus) sp. from q 
the Vila Maria Formation and note its similarity to the Late Silurian 
Bucaniella trilobata CLARKE (non Sowersy, 1839), which is similar in size 
and profile, but which does not preserve any evidence of a sinus or 
selenizone and is only known from two specimens (CLARKE, 1899, pl. 2, figs. 3 
20-22). 

Many of the Vila Maria gastropods have been badly flattened in different | 
orientations by compaction resulting in their identification as brachiopods 
and possible medusoids (see synonymy section above). Specimens not 4 
oriented with the dorsal side perpendicular to the bedding do not show the 
trilobed nature of the shell. Shells deposited with the umbilicus perpendi- | 
cular or slightly oblique to the bedding and then crushed during compaction, | 
appear circular with a radial pattern of slickensides similar to the pseudo- 
fossil Guilelmites (Figs. 4 A-C, 5). Specimens illustrated by Popp, Buryack & 
Esteves (1981, Pl. 3) are side views of the umbilicus and slightly oblique | 
views of specimens showing the edge of the ultimate whorl. | 

The specimens have the characteristic broadly arched lobes of Plectonotus 
(Plectonotus) which distinguish them from Tritonophon which has more 
rounded lobes. The specimens are 2-3 x larger in overall size than the coeval | 
P. (Plectonotoides) from the Northern Hemisphere such as P. (Plectonotoides) | 
gaspensis CLARKE. 

Known range: P. (Plectonotus) derbyi is known from the Lower | 
Devonian (upper Siegen-Ems) of the Horlick Range of Antarctica; from the | 
Ems of the northern Amazon Basin, Brazil; from the Devonian of the | 
Parnaiba Basin, Brazil (Picos area, State of Piaui), in the uppermost Pimen- 
teiras Formation (specimen DGM 6197-I), and in the lowermost Passagem 
Member of the Cabegas Formation (SuArzz-RıcLos, 1967, pl. 2, figs. 16-17); | 
from the Early Silurian of the Parana Basin (Tres Barras Farm, Bom Jardim | 
Township, State of Goias; Vila Maria Formation); and possibly from the Late 
Silurian of the Amazon Basin. The closely related P (P) fraternus occurs in | 
the Lower Devonian of Ghana and South Africa. | 

The age of the Trombetas Formation is currently a matter of concern. For ) 
over a century the presence of Climacograptus has indicated to biostrati- | 
graphers that it is Early Silurian, and below the uppermost lower Silurian, 
because the genus is unknown in the classic Silurian areas of Europe and | 
North America above that position. However, recent palynological studies ; 
indicate that the Trombetas Formation is Upper Silurian and possibly even ° 
lowest lower Devonian, and that the graptolite occurs in the Carnic Alps 
(JAEGER, 1978) within beds dated by other fossils as Lower Devonian. Until 
palynological studies on extensive suites of surface and subsurface samples | 
of the Trombetas Formation are completed it will be too early to settle this ° 
question unequivocally. | 

Undescribed specimens of P. (Plectonotus) also occur in the Lower . 
Devonian of the Wadi Sirban area of Saudi Arabia. They were initially noted | 
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by YocHELson (written comm., 1961). Bucanella gevini TERMIER & TERMIER 
(1950, p. 127, figs. 31-32) is a large trilobed bellerophontid from Morocco, 
which might belong to P. (Plectonotus), but ignorance about the presence of a 
selenizone and the inadequacy of the description and figures prevents any 
certainty about its identity. 
Renaup (1942, pl. IX, fig. 6 A, p. 247) illustrated a bellerophontid from 
the Lower Devonian of Brittany which strongly resembles Plectonotus (Plecto- 
| notus) in all regards, including the size. She assigned the shell to “Belle- 
rophon” barrandei of OEHLert (1877), but “B.” barrandei OEHLERT, as 


Fig. 5. Plectonotus (P,) derbyi, A, Enlarged view of specimen DGM-622-I from Fig. 
3C. B, Sketch of the same specimen restored with growth lines as it probably appeared 
before compaction. C, Same specimen after compaction showing only the Guilelmites- 
type slickenside features which are best developed along the edges of the specimen 
where the most shearing occurred during compaction. Guilelmites is a pseudofossil, but 
it may occur superimposed on true fossils. 
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illustrated by him, has a cross-sectional form totally distinct from that of 
Plectonotus. The rarity of Renaup’s material cautions against its uncritical 
acceptance into Plectonotus, but judging from her figure the probability of it 
belonging to that genus is very good. 


Paleoecology 


The community paleoecology of the Vila Maria fauna is strongly 
suggestive of a Benthic Assemblage 1, relatively quiet water, Plectonotus 
Community, owing to the dominance of that genus. The abundance of 
nuculoid-type bivalves is also consistent with this determination, and the § 
overall fauna has much in common with that of the Homalonotus-Plectonotus 
Community present in the Devonian of the Accra Series in Ghana (Sau, 
Boucor & Finks, 1963). The presence of the trace fossil Arthrophycus in the | 
Vila Maria Formation (Burjack & Popp, 1981) is strongly supportive of the | 
Benthic Assemblage 1 assignment. The overwhelming abundance of sphaero- 
morph acritarchs and the rarity of non-sphaeromorphs (Gray & Boucor, | 
1972) is consistent with this interpretation, although the frequency of spore | 
tetrads as contrasted with sphaeromorphs is low for this environment. 


Plectonotus (Plectonotoides) new subgenus 


Type species: Plectonotus gaspensis — CLARKE, 1908, pl. 17, figs. 17-18, p. 154; 
CLARKE, 1907, p. 194. 


Species assigned: Bellerophon trilobatus — LiNDSTRöM, 1884, p. 80, pl. 4, figs. 
13-14. 


Bellerophon (Plectonotus) trilobatus. — WILLIAMS & BREGER, 1916, p. 266, figs. 1, 1a, 
1b, 12-13, 17-19. 

Plectonotus trilobatus. — McLearn, 1924, p. 140, pl. 20, fig. 18, non 30-32. 

Plectonotus cf. P. gaspensis. — BoucoT & YOCHELSON, 1966, p. A 8, pl. 1, figs. 12, 14- 
15, non figs. 9-10. 


Plectonotus boucoti. — Per, 1974, pl. 1, figs. 14-15, 17-22; pl. 2, figs. 1-9, 11-13, 
16-17. 


Plectonotus cherylae. — Pret, 1974, p. 254, pl. 1, figs. 1-13, 16. 
Distribution: Northern Maine, Gaspé, Nova Scotia, and Gotland. 


Diagnosis: Relatively small plectonotids, generally only one-half to one-third the — 
dimensions reached by P. (Plectonotus). 


Discussion: One might ordinarily be reluctant to base a new subgenus 
merely on a major distinction in size. But the consistently larger size of the 
Malvinokaffric Silurian and Devonian specimens (plus those in the adjacent 
Amazon Basin, extra-Malvinokaffric Realm Devonian strata) over those 
found in the Silurian and Devonian outside of the Malvinokaffric Realm 
convinces us that the distinction is valid from a biological viewpoint. The 
maximum sizes (width and diameter) of illustrated Plectonotus (Plectonotoides) 
from the following publications are, in mm: 
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width diameter 
Plectonotus gaspensis, CLARKE, 1908 10 16 
P. trilobatus, McLearn, 1924 07 — 
Plectonotus gaspensis, SauL et al., 1963 11 = 
| P. cf. gaspensis, Boucor & YOCHELSON, 1966 16 16 
| P boucoti, Pes, 1974 22 18 
| P. cherylae, Pzeı, 1974 15 18 
| Bellerphon (Plectonotus) trilobatus, 
| WırLıams & BREGER, 1916 18 17 
| Bellerophon trilobatus, LiNDSTRÖM, 1884 21 16 
| 
| 


Note that these maximum dimensions are consistantly smaller than the 
{maximum dimensions of Plectonotus (Plectonotus) from the following publi- 
Jcations: 


| Plectonotus derbyi Cuarkr, 1899 33 26 
| P. derbyi, Boucot (in Doumanı et al., 1963) 20 16 
| P. derbyi, Peer, 1974 40 — 
| P. fraternus, Boucot & Sau, 1963 37 = 
| P. (Bucaniella) dereimsi, CLARKE, 1913 42 32 
| P. (Bucaniella) hapsideus, CLARKE, 1913 12 28 
Bucaniella dereimsi, Knop, 1908 26 26 
Bucaniella (Plectonotus) sp., Popr et al., 1981 20 = 

Bucaniella rectangularis, KNop, 1908 12 9 

Bellerophon (Plectonotus) fraternus, Reep, 1908 44 35 


It may be of more than casual interest that cool to cold water Malvino- 
dkaffric Realm Devonian brachiopods also are considerably larger than closely 
jrelated taxa found in contemporary extra-Malvinokaffric Realm beds; this is 
also the case with cold water taxa today. 

_ Description: Except for the major differences in size Plectonotoides and 
\Plectonotus share the same morphology. 


Biogeography 


_ As redefined here, the subgenus Plectonotus is restricted to the Malvino- 
Nheaffric Realm Silurian and Devonian, plus the adjacent Amazon Basin, 
/Devonian portion of the Eastern Americas Realm. Occurrences are known in 
Brazil, Antarctica, Ghana, South Africa, and Arabia. 

Neither of the two subgenera has been reported from the Uralian, South 
China, New Zealand, or Cordilleran Regions of the Devonian Old World 
{Realm, nor from the Uralian-Cordilleran Region of the North Silurian 
IRealm. 

In the Amazon Basin the gastropods have Malvinokaffric Realm affınities 
in the form of Plectonotus. The associated trilobites (ELDREDGE & ORMISTON, 
11979) are Malvinokaffric Realm taxa, whereas the brachiopods (Boucor, 
11975) belong to the Eastern Americas Realm. The Amazon Basin is clearly a 
biogeographic boundary region where mixing occurred in the Early and 
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Middle Devonian. The Ghana Devonian fauna is a mixture of elements from 
the Old World, Eastern Americas, and Malvinokaffric Realms (Boucort, 
Massa & Perry, 1983). The Parana Basin fossils, both Silurian and Devonian, 
are largely of Malvinokaffric Realm aspect, including Plectonotus. It should 
be noted that the Malvinokaffric Realm Devonian brachiopods are 
concluded to have Eastern Americas Realm, earlier Devonian antecedents 
(Boucot, 1975). However, the first occurrence of Plectonotus is in the Early 
Llandovery of the Paranä Basin, which is consistent with the younger, | 
Eastern Americas Realm Plectonotoides having been derived from Plectonotus, — 
a reverse Cope’s Rule inference. 

According to DerstLer (1979) the stylophoran carpoids migrated to 
Gondwana from North America during the Silurian and then gave rise to | 
Malvinokaffric Realm Devonian descendants. ELDREDGE & ORMISTON (1979) | 
considered that their Malvinokaffric Realm Devonian trilobites had Malvi- 
nokaffric Realm Silurian antecedents (the Malvinokaffric Realm Silurian 
brachiopods, on the other hand, became extinct near the end of the 
Silurian). It is reasonable to conclude that after the first appearance of the P. | 
(Plectonotoides) cherylae and P. boucoti types in the Silurian (Late Llandovery, | 
Wenlock, Ludlow) of the North Atlantic Region, the stock was restricted to | 
the Gedinne and Siegen of the Eastern Americas Realm, where the P. (Plecto- | 
notoides) gaspensis type is well known in the area between northern Maine 
and Gaspé (Boucot & YOCHELSON, 1966). 

Crarke has described two specimens of Bucaniella trilobatus from the Rio | 
Trombetas (Late Silurian part of the Trombetas Formation). The specimen | 
illustrated (CLarke, 1899, pl. 2, figs. 20-22) does not show a sinus or 
selenizone, but it does have the flat profile and larger size of P. (Plectonotus) | 
derbyi. The Trombetas Formation Late Silurian shelly fauna is part of the | 
Malvinokaffric Realm. 


>. 


Occurrences of Plectonotus (Plectonotus) in the Devonian of | 
Brazil | 


Locality (Fig. 1), Lithostratigraphic Units, Taxa, References | 
1. Maecuru River, Amazon Basin, State of Para; Maecuru Formation | 
(Lontra Member). 


Plectonotus derbyi CLarkE, 1899. Plectonotus? salteri CLARKE, 1899. 
CLARKE (1899, 1913). 


2. Picos region, State of Piauf, Parnaiba Basin; upper part of Pimenteira 
Formation and base of Cabecas Formation (Passagem Member). 


Plectonotus derbyi CLarkz, 1899. DGM 6197—I 
Plectonotus? sp. (DGM-DNPM 6154—I, and 6198-1). 
SuUAREZ-Rıcros (1967). Collection of DGM-DNPM. 
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3. Amorinopölis region (Santa Marta Farm approximately 2.5 km south 
f the Amorinopölis-Ivoländia road, right margin of Baliza Creek), State of 
s0j4s, Parana Basin; Chapada Group (coarse, Furnas-like sandstones). 


Plectonotus sp. 
GLASSER (1969). 


4. Ivolandia region (station 889-2-206 of Roncararı, 1968) in the 
icinity of the old Amorinopölis-Ivoländia road, close to the Tapera Creek 
alley (left margin of Claro River), State of Goiäs, Parand Basin; Chapada 
stoup (coarse, Furnas-like sandstones). 


Plectonotus hapsideus Crarke. 
Roncarati (1968). 


5. Jaguariaiva (section of the Jaguariaiva-Arapoti railroad), State of Parana, 
arana Basin; Ponta Grossa Shale. 


Plectonotus hapsideus CLARKE. 
Plectonotus dereimsi (Knon, 1908). 
Petri (1948). 


6. Lambedor Creek valley, State of Parana, Parana basin; Ponta Grossa 


Hale. 


_ Plectonotus hapsideus CLARKE 
Plectonotus dereimsi (Knop, 1908). 
Perri (1948). 


7. Tibaji region, State of Paranda, Parana Basin 


Plectonotus hapsideus CLARKE — Ponta Grossa Shale. 
Plectonotus dereimsi (KNop, 1908) — Tibaji Sandstone 


CLARKE (1913), Perri (1948). 


8. Ponta Grossa region, State of Parana, Parana Basin; Ponta Grossa Shale. 


Plectonotus hapsideus CLARKE 
Plectonotus dereimsi (KNop, 1908) 
CLARKE (1913). 


Lance (1954) considered P. (Plectonotus) hapsideus Ciarxe, 1913, to be a 
ynonym of Bucanella laticarinata Knon, 1908, but comparison of their 
igures convinces us that the two forms are not congeneric (in large part 
yecause of the very angular profile of the median lobe in “B.” laticarinata as 
llustrated by Knop, 1908). The above citations of P. hapsideus CLARKE, 1913, 
re to shells of the P (Plectonotus) derbyi type, which are also similar to P. (P.) 
apsideus. 
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| The braincase of Prolacerta broomi (Reptilia, Triassic) 
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Evans, S. E. (1986): The braincase of Prolacerta broomi (Reptilia, Triassic). - N. Jb. Geol. 
Pal, Abh., 173; 181-200; Stuttgart. 


‚Abstract: A detailed description of the braincase of the Lower Triassic diapsid Prola- 
certa is given. Comparison of the prolacertid braincase with that of other reptiles 
supports the view that prolacertiforms are the sister group of the Archosauria. A 
‘selection of braincase characters are discussed with a view to establishing character 
polarity. 


Key words: Reptila; Triassic; Prolacerta; braincase; comparative anatomy. 


Zusammenfassung: Die Hirnkapsel des Diapsiden Prolacerta broomi aus der südafrika- 
nischen Untertrias wird eingehend beschrieben. Aus einem Vergleich zahlreicher 
Merkmale mit denen anderer Reptilien wird gefolgert, daß die Prolacertiformes die 
Schwestergruppe der Archosaurier sind. 


Introduction 


The genus Prolacerta was first described by ParrincTon (1935) on the 
‘basis of a single skull from the Lystrosaurus zone (Lower Triassic) of South 
Africa. A second skull was described by Camp (1945). These early authors, 
‚and others subsequently (for example Rosınson 1967, Wırp 1973), inter- 
preted Prolacerta as a missing link between the fully diapsid younginids and 
| streptostylic modern lizards. Gow (1975), partly on the basis of new post- 
cranial material, showed that Prolacerta possessed characteristics more 
compatable with the hypothesis of archosaur relationship. This view has 
been supported by the work of Tuursorn (1980), BRinKMAN (1981), 
GaurHier (1984), BEnton (1983) and Evans (1984). 

Gow (1975) described, for the first time, an isolated braincase of Prola- 
certa. He stressed the importance of using braincase characteristics where 
available. Unfortunately, braincases«of fossil reptiles are rarely well preserved 
and relatively few have been described in detail. This makes discussion of 
‘character polarity difficult. 


0077-7749/86/0173-0181 $ 5.00 
© 1986 E. Schweizerbart’sche Verlagsbuchhandlung, D-7000 Stuttgart 1 


182 Susan E. Evans 


Dr. Gow was kind enough to permit me to examine and figure the Prola- 
certa braincase as part of a larger study of diapsid braincase structure. This 
paper presents a detailed description of the braincase of Prolacerta and a ' 
discussion of selected braincase characters. 
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Fig. 1. BPI 2675, braincase of Prolacerta broomi, in A, left lateral and B posterior 
views. Scale bar = 2 mm. 
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1 The braincase of Prolacerta 
aterial 


| 


The specimen which forms the basis of this description is part of a skull (BPI 2675) 

which was acid prepared by Dr. Gow. The braincase is complete but the right prootic 

ind parabasisphenoid have been detached. The account is supplemented by data from 
e holotype (Cambridge) and Camp’s (Berkeley) specimen. 


Basioccipital and exoccipitals: In BPI 2675, these three bones are 
used. They form a complete ring around the foramen magnum (Fig. 1 A), 
txcluding the supraoccipital. Gow (1975) criticises the Camp (1945) and 
ROBINSON (1967) reconstructions of this region which show the supraoccipital 
tntering the dorsal margin of the foramen magnum. Both reconstructions are 
based on the Berkeley skull (U.C. 37151). In this specimen (Fig. 2), the 
»xoccipitals are not fused to the basioccipital and do not meet above the 
joramen magnum. 


lig. 2. U. C. 37151, basicranium of Prolacerta broomi in ventral view. Scale bar = 1 mm. 
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Each exoccipital borders the foramen magnum posteriorly and the 
etotic fissure anteriorly. It articulates with, or is subsequently fused to, the 
asioccipital and makes a small contribution to the occipital condyle. 
Dorsally, it articulates with the opisthotic, the supraoccipital and, in BPI 
4675, the contralateral exoccipital. Its triangular base is perforated by two 
ramina for the hypoglossal nerve (CN12). 
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The basioccipital, as seen in U.C. 37151 (Fig. 2), is a broad quadrangular 
bone with five facets and two surfaces. Its posterior border forms the | 
occipital condyle. Laterally, it has paired posterior facets for the exoccipitals 
and paired anterior facets for the descending processes of the opisthotics —_ 
the small concavity between the two forming the ventral border of the 
metotic fissure. The anterior border of the basioccipital bears a pair of 
wedge-shaped facets for the parabasisphenoid. The concave dorsal surface 
supported the medulla oblongata - its midline sulcus marked by a slight 
ridge on the bone. The ventral surface is more or less convex, except at its 
postero-lateral corners where the bone is drawn into a pair of basal tubera for | 
the attachment of subvertebral muscles (Fig. 2; 3B). | 


== 


Fig. 3. BPI 2675, braincase of Prolacerta broomi in A, dorsal and B, ventral views. Scale |i’ 
bar = 2 mm. ; Wf, 
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Parabasisphenoid: This is a composite bone formed by the fusion of 
ithe dermal parasphenoid to the ventral surface of the basisphenoid - the 
anterior ossification of the embryonic basal plate. 
| Anteriorly, the parabasisphenoid presents a long, stout cultriform process, 
V-shaped in cross section with a deep dorsal gutter (Fig. 4 A). The process has 
ja broad base and is continuous with the dermal parasphenoid. The para- 


Big. 4. BPI 2675, parabasisphenoid of Prolacerta broomi in A, dorsal, B, ventral and C, 
right lateral views. Scale bar = 2 mm. 
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sphenoid broadens posteriorly and is extended into a pair of posterolateral | 
processes which bear semilunar depressions at their tips (Fig. 4C). These 
depressions may be facets for the ventral rami of the opisthotics (which lie 
further posteriorly in the articulated specimen - Fig. 1A - but this may be 
distortion). Alternatively, the curved crest which borders the depressions may 
have served as a line of attachment for connective tissue filling the lower 
part of the overlying fenestra vestibuli. A pair of short basipterygoid 
processes project antero-laterally. The surfaces of articulation for the ptery- 
goids lie on the anterior and lateral surfaces of the processes and, in BPI 3 
2675, have a rather geometrical shape (Fig. 4B). 

In ventral view (Fig. 4B), the parasphenoid plate diverges posteriorly but 
its free lateral borders form a pair of ventro-lateral crests. These crests floored ° 
the open vidian (or parabasal) canals which carried the internal carotid artery 
and the palatine branch of the facial nerve (CN7). At the level of the basi- | 
pterygoid process, the internal carotid artery divided into palatine and | 
cerebral branches. The palatine artery, in company with the nerve, ran 
forward in a groove on the ventral surface of the basipterygoid process. The 
cerebral internal carotid entered the back of the hypophysial fossa via a short 
canal. The entry foramina for the canals lie under cover of the parasphenoid 
crests, at the level of the basipterygoid process. There is no trace of the 
paired foramina which Gow (1975) illustrates at the base of the cultriform 
process. 


In dorsal view (Fig. 4 A), the parabasisphenoid is divided into an anterior | 
hypophysial fossa and a posterior concave region floored by the para- | 
sphenoid alone. The two regions are separated by a well developed dorsum 
sella which bears paired facets for the prootics. The hypophysial fossa is | 
open and elongated. It is dominated by anterior paired foramina which 
carried the internal carotid arteries into the fossa. In front of the foramina, 
there is a triangular depression which is extended in the direction of the 
dorsal groove of the cultriform process. Behind the hypophysial fossa, the 
dorsum sella is divided into two by a midline ridge; the paired surfaces 
which result gave origin to the retractor bulbi and bursalis muscles (SAvE- 
SÖDERBURGH 1946). The dorsum sella is not pierced by foramina, but there i 
are paired shallow grooves (g. 6 - Fig. 4 A) in the prootic facets which Gow 
(1975) interpreted as grooves for the abducens nerves supplying the retractor 
bulbi, bursalis and posterior rectus muscles of the eye. 


There are some differences between the parabasisphenoids of BPI 2675 ; 
and of the holotype and Berkeley specimens (Fig. 5 A and B). In BPI 2675, 
the basipterygoid processes are short and laterally directed with geometrical | 
facets which suggest rather limited movement at the basipterygoid joint. | 
Both the holotype and U. C. 37151 have longer, more laterally directed ı 
processes which bear rounded articular tips. These specimens also have a ı 
waisted appearance with flared posterior processes and a dorsal depression. 
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1 BPI 2675 is incomplete posteriorly, there is no trace of the U- -shaped 


epression. These differences can probably be explained in terms of 
individual variation. 

Opisthotic: The opisthotic is a stout bone which forms the postero- 
ventral part of the otic capsule and provides an important point of contact 
etween the braincase and the skull roof. It articulates dorso-laterally with 
he skull roof, dorso-medially with the supraoccipital, ventrally with the 
asioccipital and parabasisphenoid, postero-dorsally with the exoccipital and 
anteriorly with the prootic (Fig. 1; 3A). With the prootic, it forms the 
orders of the fenestra vestibuli and, with the basioccipital and exoccipital, 
ithe borders of the metotic fissure through which the glossopharyngeal, vagus 
nd accessory nerves, and either the internal jugular or vena cerebralis 
osterior, left the braincase. 


| Fig. 5. Parabasisphenoid of Prolacerta broomi in ventral view, A, U.C. 37151, and B, 
‘Cambridge holotype; C, BPI 2675, right stapes of Prolacerta in roughly posterolateral 
view. Scale bar - 2 mm. 


The opisthotic has two processes. The most conspicuous of these is the 
large postero-dorsally directed paroccipital process which articulated with the 
‘parietal, squamosal and perhaps supratemporal, but apparently not (despite 
'Camp’s 1945 reconstruction) with the quadrate. The paroccipital process is 
dorso-ventrally flattened with its transverse axis tilted at about 45° to the 
horizontal. Ventrally, the opisthotic is drawn into a stout ventral ramus, 
excavated medially to form the lateral wall of the metotic fissure (Fig. 1). The 
process expands at its tip into a rounded foot which articulates with the 
basioccipital and, perhaps, parabasisphenoid. 


| 
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The expanded central part of the bone provides the postero-ventral third | 
of the otic capsule (Fig. 6 A). Ventro-laterally, the opisthotic and prootic | 


enclose the fenestra vestibuli for the stapedial footplate (Fig. 1 A). This large, 


irregular opening was probably partly filled with connective tissue, as it is in q 


Sphenodon. In a corresponding position in the medial braincase wall, there is 
a second large opening, the internal acoustic meatus (STARCK 1979). This, 
again, would have been filled by a sheet of connective tissue perforated by 
foramina for the vestibulocochlear and facial nerves and, dorsally, the 
endolymphatic duct. 

Fig. 6A shows an anterior view of the opisthotic. The opening into the 
horizontal semicircular canal lies laterally in the prootic facet on a line with 
the base of the paroccipital process. The opening of the posterior canal is not 


visible since opisthotic and supraoccipital are articulated. The central part of | 


the bone is excavated by the cavum capsularis (cavum vestibulare - DE BEER 
1937) which housed the sacculus and utriculus of the membranous labyrinth, 
and a pronounced recessus utriculi into which the horizontal and posterior 
semicircular canals opened. This cavity retains the primitive undivided 


condition found in Sphenodon but not modern lizards. Below and slightly | 
lateral to the recessus utriculi, there is a notch in the ventral border of the | 


bone (p. f. - Fig. 6 A). This opens into the metotic fissure and corresponds in 


position to the perilymphatic foramen of modern lizards, through which the | 


perilymphatic duct leaves the otic capsule. The duct may have passed 
medially into the subarachnoid space of the cranial cavity (STARCK 1979) to 
serve as a compensatory device for fluid movements in the inner ear. 

Prootic: The prootic is the antero-ventral member of the otic series. It 


articulates dorsally with the supraoccipital, posteriorly with the opisthotic | 


and ventrally with the parabasisphenoid. The latter articulation occurs at two 
points (Fig. 1 A), anteriorly, via an almost transverse suture, with the clinoid 
processes and the dorsum sella (Fig. 4 A), and further posteriorly in front of 
the fenestra vestibuli. Between the two points of contact, there is a gap 


which must have been filled with connective tissue. There is no enclosed 


facial foramen (CN7) and the nerve probably passed through the membrane. 


The prootic has four surfaces - lateral, medial, anterior and posterior (Fig. | 


eB.C.D) 
The lateral surface of the bone is divided in two by a low, ventrally 
directed crest, the crista prootica (Fig. 1A; 3B). As Gow (1975) points out, 


this would have given attachment to fibres of the protractor pterygoidei 


muscle which, in modern lizards, is involved in movements at the basicranial 
joint (Haas 1973). The crest also provided a protective passage for the vena 
capitis lateralis, draining the head and passing back along the lateral 
braincase wall to enter the anterior cardinal vein. The antero-dorsal border of 
the prootic is rounded and marks the course of the anterior semicircular 
canal. There is no alar process. Ventrally, the canal expands to house the 


a 


ampulla. Antero-ventral to the ampullary prominence, the bone is drawn - 
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linto a curved anterior inferior process - the ossification of the embryonic 
jpila antotica. Between the ampullary prominence and the anterior inferior 
|process, there is a slit-like opening, the incisure prootica, through which the 
Itrigeminal nerve (CN5) and, above it, the vena cerebralis media, left the 
|braincase. The incisura appears narrower than it is, due partly to crushing but 
jalso to the orientation of the anterior inferior process. Seen in anterior view 
\(Fig. 6B), the incisura is wider. 

In anterior view (Fig. 6D), the bone is seen to possess a deep subarcuate 
fossa for the cerebellar flocculus (concerned with the maintainance of 
jequilibrium). The subarcuate fossa lies ventral to the convexity of the 


Fig. 6. BPI 2675, Prolacerta broomi, A, braincase in anterior view with right prootic 
removed, B-D, right prootic in B, anterior, C, medial and D, posterior views. Scale bar 


= 2 mm. 
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anterior semicircular canal. Posteriorly, the fossa is extended into a second 
depression which lies below an overhanging section of the prootic bearing 
the supraoccipital facet (Fig. 6C, D). Thus a channel is formed along the 
dorsomedial wall of the prootic; this probably carried a dural venous sinus 
draining the dorsal part of the braincase into the vena cerebralis media 
(WYETH, 1924). 

In posterior view (Fig. 6 D), the opisthotic facet is pierced by an opening 
for the horizontal semicircular canal. Medial to this is the opening of the 
dural channel described above. 

In medial view (Fig. 6C), the bone can be divided into two parts. The 
dorsal half bears the subarcuate fossa and the dural channel, with the 
overhanging supraoccipital facet. The ventral part is excavated for the inner 
ear structures. This ventral excavation is divided by a pair of ridges into three 
sections - an anterior ampullary recess which received the openings of the 
anterior and horizontal semicircular canals, a central chamber which repre- 
sents the lower part of the cavum capsularis, and a small postero-ventral 
recess which held the short lagena (cochlear duct) and associated perilym- 
phatic duct. The ventro-medial wall is not ossified and would have been 
completed in membrane (see above). 

Supraoccipital: This broad bone roofs the cranial cavity and provides 
the dorsal third of the otic capsule on each side. It articulates antero- 
ventrally with the prootic, posteroventrally with the opisthotic and poste- 
riorly with the exoccipital. 

In dorsal view, the supraoccipital is almost flat with only a slight midline 
ridge (Fig. 3A). The surface is inclined at about 45° to the horizontal. 
Ventrally, the bone is concave with a thin medial plate that expands bilate- 
rally to enclose the vestibular apparatus. The otic cavity can be seen on the 
right side where the prootic has been detached (Fig. 6 A). There is a central 
chamber, the cavum capsularis, into which the osseus common crus (union 
of anterior and posterior semicircular canals) opens. The postero-lateral 
surface bears a facet for the prootic, pierced by the opening of the anterior 
semicircular canal. 

Stapes: The stapes of Prolacerta (Fig. 5) is a slender rod roughly 7 mm 
long (BPI 2675); in life it would have been extended laterally by a short 
cartilaginous extrastapes. The footplate is kidney-shaped with an area of 
roughly 1 mm’. There is no stapedial foramen. 

Although the quadrate of Prolacerta has only a weakly developed conch, 
the curved borders of the squamosal, quadrate, quadratojugal and retroarti- 
cular process provide a frame for the tympanic membrane. Reconstruction of 
the area of the tympanic membrane in a fossil is subject to many inaccu- 
racies. A series of estimates on BPI 2675, the holotype and the Berkeley 
specimen yielded values in the range 60-90 mm7. This is an overestimate. 
Using the same methods, a small lacertid skull yielded an theoretical 
tympanic area which was almost 150% of the actual value. Further, WEvER 
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(1978) has shown that, due to peripheral stiffness, the effective area of the 
tympanic membrane is only 66% of the real area. Applying these corrections 
to the minimal estimated value for Prolacerta, a transformer ratio (tympanic 
area/footplate area) of about 26 x was obtained (excluding the possibility of 
an extrastapedial lever action - Wever, 1978). 

While such an estimate must be treated with caution, it does suggest that, 
in terms of the transformer ratio, the ear of Prolacerta was adapted for the 
reception of air-borne sound. However, the transformer ratio is not the only 
imitation imposed on hearing efficiency. There is no division of the metotic 
issure in Prolacerta, and no secondary tympanic membrane. The perilym- 

hatic duct leaving the otic capsule via the perilymphatic foramen (Fig. 6 A) 
ould have ended blindly - an inefficient compensatory mechanism (WEvER, 
1978). Perhaps, as Ropinson (1973) and Gow (1975) suggest, the unossified 
medial braincase wall assisted in pressure discharge. 

Modern lepidosaurs, such as chameleons and Sphenodon, which lack a 

econdary tympanic membrane have optimum sensitivities in the lower part 
Mf the auditory range - 200-800 Hz (Wever, 1978), but these animals lack a 
'ympanic membrane. Assuming that the shape of the quadrate region in 

rolacerta can be taken as evidence that a tympanic membrane was present, 

earing in Prolacerta was probably somewhat better than in Sphenodon, but 

ss efficient than modern lizards which possess both a tympanic membrane 
ind an effective compensatory mechanism. 


Discussion 


The braincase of Prolacerta shows the following suite of characters: 
a) exoccipitals fused above foramen magnum. 

|b) ventral ramus to opisthotic. 

c) long, laterally directed paroccipital processes with expanded tips. 
d) crista prootica present. 

e) no parasphenoid teeth. 

f) abducens foramina between prootic and basisphenoid. 

g) slender imperforate stapes. 

h) absence of an alar process on the prootic. 

i) presence of a subarcuate fossa. 

| 3) unossified medial braincase wall. 

| k) no facial foramen. 

| 1) open vidian canal. 

| m) short basipterygoid processes. 

n) broad, V-shaped parasphenoid cultriform process. 

o) undivided metotic fissure. 


a) Exoccipitals fused above the foramen magnum: This charac- 
tristic is shared by Prolacerta and Proterosuchus (CRUICKSHANK 1972), but has 
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not been reported in other prolacertiforms. Since the character is variable in 
Prolacerta itself, such differences are difficult to evaluate. | 
b) Ventral ramus to opisthotic: Rosınson (1967) cited the common | 
presence of a ventral ramus to the opisthotic as evidence of a relationship | 
between Kuehneosaurus and Prolacerta, two genera which, she thought, repre- 
sented successive steps on the pathway towards modern lizards - i. e. | 
Youngina - Prolacerta - Kuehneosaurus - modern lizards. Since that time, > 
ideas about the relationships of these genera have changed (Gow 1975, 
Evans 1980, 1984, Benron 1983). Gow (1975) notes that a ventral opisthotic 
ramus is common to many genera; it is present, for example, in Captorhinus 
(Price 1935) and the early diapsid Petrolacosaurus (Reisz 1981). However, in 
some groups, the ventral extension of the opisthotic appears to be a thin 
sheet which contributes to the ventro-lateral wall of the inner ear. In Prola- | 
certa, Euparkeria (Fig. 7) and Mesosuchus (Fig. 8), the ventral ramus has a 
clubbed tip and rests on the basioccipital/parabasisphenoid boundary, | 
separating the metotic fissure from the more anterior fenestra vestibuli. The | 
three genera are closely similar in this respect. 
c) Long, laterally directed paroccipital processes with 4 
expanded tips: Early reptiles, including Captorhinus (Price 1935), have |} 


Fig. 7. Braincase of Euparkeria capensis, SAM 7696, in right lateral view. Scale bar = 2 
mm. 
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short paroccipital processes in relation to overall braincase width. Later 
a including Youngina, Sphenodon, Prolacerta, Tanystropheus, rhyncho- 
aurs and early archosaurs, show a general trend towards increase in length of 
‘he paroccipital processes. 

d) Crista prootica present: Captorhinus (Price 1935) and Petrolaco- 
‚aurus (Reısz 1981) lack a crista prootica and this is probably the primitive 
Hiapsid condition. In lizards, the crista shelters the lateral head vein and 
ou origin to fibres of the protractor pterygoidei (Haas 1973). It is absent in 


ounginiforms, early lepidosaurs and Sphenodon and was, presumably, a late 
epidosaurian development. 
A crista prootica seems to have developed independently in Archosauria. 
h is found, for example, in Massospondylus and Dromaeosaurus (Gow 1975), 
roterosuchus (CRUICKSHANK 1972) and Euparkeria (Fig 7). It is also present, 
jo a more limited extent, in the early rhynchosaurs Mesosuchus (Fig. 8) and 
Etenaulorhynchus (BENTON 1983), and is well developed in the Upper Triassic 
ihynchosaurs Hyperodapedon and Scaphonyx (BENTON 1983). In prolacerti- 
Jorms, a crista prootica is reported in Tanystropheus (Wp 1973) and Prola- 


nerta. 


| 


| . . 
fig. 8. Braincase of Mesosuchus browni, SAM 6536. Partial left lateral view of braincase 
thowing the relationships of the ventral opisthotic ramus to neighbouring bones. Scale 


gar = 2 mm. 


| 

| e) No parasphenoid teeth: The parasphenoid is a dermal palatal 
liement like the vomers, palatines and pterygoids. In primitive vertebrates, 
ese bones bore a shagreen of small denticles. Reduction and loss of such 
alatai denticles has occured in all reptilian lineages. Parasphenoid teeth are 
btained in Captorhinus (Price 1935), Petrolacosaurus (Reısz 1981), Heleo- 
kurus and kuehneosaurs. Their retention is a primitive diapsid character 
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state. They are absent in rhynchosaurs (BENTON 1983), prolacertiforms (WILD 
1973; Gow 1975) and early archosaurs (RoMER 1956; CRUICKSHANK 1972), ' 
and also in younginiforms (Currie 1981) and lepidosaurs (Evans 1980, | 
1984). 

f) Abducens foramina lie between prootic and basisphenoid: | 
In Captorhinus (Price 1935) and Milleretta (Gow 1972), the abducens nerve 
channels through the lateral part of the dorsum sella (i. e. the clinoid | 
process) to emerge in the hypophysial fossa. This is also the case in Gephyro- 
saurus, modern lizards and Sphenodon. In Prolacerta, Euparkeria, Hyperoda- 
pedon (BENTON 1983) and Proterosuchus (CRUICKSHANK 1972), the abducens | 
foramina lie between the prootic and the dorsum sella, grooving the articular 
facets. 


In all reptiles, the pila antotica fuses to the basal plate early in the 

development of the chondrocranium (BeLtairs & Kamat 1981). In some | 
archosaurs, the pila ossifies to form a discrete bone which closes the incisura | 
prootica anteriorly. This bone has-been called the laterosphenoid by some, 
authors (e.g. RomER 1956), but Berzaırs & KAMAL (1981) advocate the term 

pleurosphenoid - retaining laterosphenoid for a comparable, but not 
homologous, bone in snakes. In those archosaurs lacking a pleurosphenoid, 
the base of the pila antotica ossifies as the anterior inferior process of the | 
prootic. In Euparkeria (Fig. 7) and Proterosuchus (CRUICKSHANK 1972), the | 
incisura lies well up on the anterior border of the prootic and has a sheet of | 
prootic below it. The incisura is a deep notch. In such genera, the clinoid | 
processes of the basisphenoid are relatively low, most of the anterior ossified | 
braincase wall being prootic. Berzaırs & Kamat (1981) note that there is no | 
pleurosphenoid development in lizards, but they suggest that the extreme | 
posterior end of the pila antotica may become incorporated into the clinoid | 
processes. This fits with the observation that, in adult lizards, the clinoid , 
process supports a small anterior inferior process which lies at the base of the 
prootic. The incisura prootica is wide. In Sphenodon, the anterior inferior 
process is more developed, but still lies at the base of the prootic and is 
supported by a well developed clinoid process. This suggests a difference 
between archosaurs and lepidosaurs with respect to ossification of the | 
prootic and basisphenoid such that in archosaurs the pila antotica is mainly 
incorporated into the prootic while in lepidosaurs it contributes to both | 
prootic and basisphenoid. 


1 
Captorhinus (Prick 1935) shows a further variation on the same theme.’ 


border of the incisura is formed by a very well developed dorsum sella, | 
supported by tall clinoid processes. Assuming that the clinoid processes 
represent the ossified pila antotica, they are exclusively basisphenoid. If this 


is the primitive condition, there seems to have been a gradual shift (develop- 
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entally) in the position of the prootic/basisphenoid suture until, in archo- 
saurs, the pila is incorporated into the prootic and then into a discrete 
leurosphenoid. This may help to explain the difference in position of the 
abducens foramina. In extending the prootic ossification anteriorly, the 
abducens nerve, formerly enclosed by the basisphenoid, comes into closer 
contact with the prootic - as in early archosaurs, prolacertiforms and 
irhynchosaurs. 
| There is one further difference between the anterior braincase of early 
diapsids and early archosaurs. In Petrolacosaurus (Reisz 1981), lepidosaurs 
and the more primitive Captorhinus (Price 1935), the prootic facets on the 
!basisphenoid are parallel to the midline. This primitive condition is retained 
in rhynchosaurs (BeENTON 1983), but in Euparkeria, Proterosuchus 
i atl 1972) and later archosaurs (RomER 1956), the prootics meet in 
{the midline. In Prolacerta they are separated by a short median gap. 
While the development of the anterior inferior process of the prootic 
idoes not differ significantly between Prolacerta and Sphenodon, the position 
jof the abducens foramina and the orientation of the prootics approaches the 
tarchosaur condition. 
g) Slender imperforate stapes: Captorhinus (Prıcr 1935), Petrolaco- 
i (Reısz 1981), Milleretta (Gow 1972) and Hovasaurus (CuRRIE 1981) 
ave a heavy perforate stapes with a broad footplate. In advanced diapsids, 
iboth archosaurian and lepidosaurian, there is a tendency to develop a more 
Slender stapes as an adaptation to the reception of airborne sound. 
h) Absence of an alar process on the prootic: A well developed 
falar process is a feature of modern lizard skulls, especially anguimorphs and 
scincomorphs. In these genera, the process provides an origin for fibres of 
the pseudotemporalis profundus muscle (Haas 1973). CRUICKSHANK (1972) 
Figures a small, possible alar process on the prootic of Proterosuchus and 
BENTON (1983) notes a similar process in the rhynchosaur Hyperodapedon. 
ee a well developed alar process was not a characteristic of early 
archosaurs and their relatives. 
i) Presence of a subarcuate fossa: The subarcuate, or floccular, 
recess is present in Captorhinus (Price 1935) and is a persistent primitive 
1 aa in subsequent reptilian lineages. 
j) Unossified medial braincase wall: In Captorhinus (Prıce 1935), 
tthe medial wall of the braincase between the prootic, opisthotic, basioccipital 
and parabasisphenoid is unossified and provides an inlet for the facial and 
westibulocochlear nerves. This primitive condition is retained in Sphenodon 
here the opening is filled by a sheet of connective tissue. Rosınson (1973) 
uggested that this unossified region might permit compensatory movements 
f the perilymph in the absence of a fenestra cochleae. This is possible, 
Ithough the perilymphatic duct in Sphenodon leaves the capsule through a 
separate medial opening. In Captorhinus, the medial and lateral openings of 
the metotic fissure are very narrow and could not have allowed adequate 
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compensatory movements. Thus the unossified medial braincase wall may 
have been important in primitive reptiles. 

k) No facial foramen: The existence of an enclosed facial foramen 
depends on the degree of ossification of the lateral braincase wall and does 
not appear to have any taxonomic significance. 

1) Open vidian canal: The internal carotid artery and palatine nerve 
run in a groove between the body of the basisphenoid and the underlying 
parasphenoid. In lizards, the lateral wall of this canal, the vidian or parabasal 
canal, is ossified and the canal fully enclosed. In Sphenodon and described 
early diapsids, the canal is open laterally. 

m) Short basipterygoid processes: In Captorhinus (Pricz 1935), 
Petrolacosaurus (Reısz 1981) and Youngina, for example, the basipterygoid 
processes are short and anterolaterally directed. In BPI 2675, the basipte- 
rygoid processes are also short, with geometrical facets that imply reduced 


metakinetic movement. However, the Cambridge and Berkeley specimens | 
have longer basipterygoid processes with rounded tips (Fig. 5). This may be a | 


genuine taxonomic difference but, in the absence of supporting evidence, it 


seems more likely that the differences are due to age variation. WiLp (1973) | 


figures juvenile and adult specimens of Tanystropheus showing marked diffe- 
rences in the shape of the parabasisphenoid in the two age classes. 

n) Broad, V-shaped parasphenoid cultriform process: The 
cultriform process of Captorhinus (Price 1935), Milleretta (Gow 1975) and 
Petrolacosaurus (Retsz 1981) is broad and V-shaped in cross section. In 


Youngina, Gephyrosaurus (Evans 1980), Sphenodon and lizards, the process is _ 


narrower with paired basal facets for the cartilaginous trabeculae cranii. Since 
these facets are also present in Petrolacosaurus (Reısz 1981), there has clearly 
been a reduction in the size of the parasphenoid rostrum in the more recent 
genera. The cultriform process is also V-shaped in Prolacerta, Tanystropheus 


(Witp 1973), Kuehneosaurus and early archosaurs, but the absence of trabe- 


cular facets suggests that the process is composite - its raised dorsolateral 


borders representing the ossified trabeculae. Without very immature 
) 


specimens, it is difficult to estimate the size of the parasphenoid component. 


o) Undivided metotic fissure: This is a primitive reptilian character 


state (PRicE 1935, Reısz 1981) retained in younginids, early lepidosaurs, 
prolacertiforms, rhynchosaurs and early archosaurs. 

Gow (1975) introduces another character in relation to the prolacertid 
braincase. He considers that the parabasisphenoid makes a greater contri- 
bution to the lateral braincase wall in archosaurs (as compared to other 
diapsid groups) and suggests that Prolacerta, with its upturned basisphenoid 
margins, approaches the archosaur condition. However, I find little diffe- 


rence, in this respect, between Prolacerta and Sphenodon. As to the extent of 


the parabasisphenoid in the braincase of early archosaurs, there seems to 
have been some confusion. CRUICKSHANK (1970), in his description of the 


a 


1 
J 


braincase of Euparkeria, interprets the specimen as having a large parabasis- | 
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Iihenoid wing in the lateral braincase wall. I would interpret this “wing” as 
Hhe lower part of the prootic, below the crista prootica. There appears to be 
ittle parabasisphenoid involvement in the lateral braincase wall. The prote- 
suchid braincase (Cruicksuank 1972) resembles that of Euparkeria. 


Conclusions 


The braincase of Prolacerta shows a number of derived character states 
present in early archosaurs: 

a) the club-shaped ventral rami of the opisthotics and their relationship 
jo neighbouring bones. 

b) the position of the abducens foramina at the basisphenoid/prootic 
Function. 

c) the tendency of the prootics to meet in the midline. 

d) to a limited extent, the development of the anterior inferior process 
bf the prootic and the depth of the incisura prootica. 

e) the development of the crista prootica (also in modern lizards). 
| f) the development of a slender imperforate stapes as an adaptation for 
{he reception of air-borne sound (also in modern lizards). 

| g) loss of the parasphenoid teeth (also in younginids and lepidosaurs). 


These characters, in combination with the postcranial characters described 
iby Gow (1975) - the elongation of the cervical vertebrae and ribs and the 
toncave/convex ankle joint for example - support the conclusion of 
DruicxsHank (1972), Gow (1975), THuLBorn (1980), Brinkman (1981), 
GAUTHIER (1984), Benton (1983) and Evans (1984) that prolacertiforms are 
he sister group of archosaurs. Rhynchosaurs share some, but not all, of the 
| he character states of archosaurs and prolacertiforms (THULBORN 1980, 
BRINKMAN 1981, BENTON 1983) and are generally considered to be the sister 
broup of archosaurs + prolacertiforms. All three groups are united within the 
monophyletic taxon Archosauromorpha (Von Hurne 1946, GAUTHIER (1984). 
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anterior ampullary recess 
anterior inferior process, prootic 
ampulla, anterior semicircular canal 
anterior semicircular canal 
atlas intercentrum 

axis intercentrum 

basioccipital 

basipterygoid process 

basal tubercle 

cavum capsularis 

cochlear crest 

clinoid process 

cochlear cavity 

crista prootica 

cultriform process 

dorsum sella ‘ 
?dural venous channel 
exoccipital 

fenestra vestibuli 

groove, abducens nerve (CN6) 
groove, palatine artery and nerve 
hyobranchial element 
hypophysial fossa 

opening, horizontal semicircular canal 
internal carotid foramen 
incisura prootica 

metotic fissure 

opisthotic 

opisthotic facet 

perilymphatic foramen 

prootic 

prootic facet 

paroccipital process 
parabasisphenoid 

parasphenoid crest 
parabasisphenoid facet 
recessus utriculi 

?stapes 

subarcuate fossa 

semilunar depression 
supraoccipital 

supraoccipital facet 

vidian canal 

ventral ramus, opisthotic 
facial foramen (CN7) 
hypoglossal foramen (CN12) 
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Formation (Sephardic Province, Spain) 
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bstract: Nearly 1000 bivalve-specimens in stratigraphic sequence from three late 
iddle Triassic (Ladinian) carbonatic intercalations within the Hornos-Siles Formation 
[Prebetic Zone, Jaen, S. E. Spain) allow the taxonomic revision of species established 
by M. Scumipt (1935) and the recognition of environmentally controlled bivalve- 
assemblages: Hard-bottom dwellers are dominated by Enantiostreon flabellum 
{Scumipt), alternating with epiphytic Costatoria goldfussi (ALBERTI) and deep infaunal 
ervillia joleaudi (ScHmipr) in highly bioturbated normal marine to slightly hyper- 
saline regimes, followed above by the invasion of shallow infaunal “opportunistic” 
seudocorbula gregaria (MUNSTER) communities. 


| 
Key words: Middle Triassic, Bivalves, Taxonomic revision, Palaeo-ecology; Prebe- 
ticzone, Spain. 


usammenfassung: Das Studium von über 1000 Muscheln in drei karbonatischen 
inschaltungen innerhalb der Hornos-Siles-Formation der oberen Mitteltrias (Ladin) 
er Präbetischen Zone (Jaen, Siidost-Spanien), führte zur taxonomischen Revision 
iniger von Scumipt (1935) aufgestellten Arten und zur Definition von umwelt- 
edingten Muschelvergesellschaftungen. Enantiostreon flabellum (Scumipt) ist die 
ominante Art auf harten Böden, sie wird abgelöst von der epiphytischen Art Costa- 
oria goldfussi (ALBERT!) und von der tiefbohrenden Art Gervillia joleaudi (SCHMIDT) in 
tark aufgewiihlten, normalmarinen bis leicht hypersalinen Milieus. Diese Arten 
werden gegen das Ende der Folge von einer Invasion der seichtbohrenden ,opportuni- 
tischen“ Art Pseudocorbula gregaria (MUNSTER) überlagert. 
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Introduction 


Bivalves from the “Muschelkalk” facies of Siles were first described by 


Scumipt (1935). He identified Avicula cf. A. caudata STorr., 


Gervillia 


goldfussi (v. STROMB.), Gervilleia joleaudi SCHMIDT, Pecten cf. P. lateristriatus 


(PhıLippr), Myoconcha jaensis SCHMIDT, Macrodon impressus 


MunsTER, | 


Myophoria kiliani Scumipt and Modiola sp., for which he proposed a Lat 


Ladinian (Langobardian) age. 


LoPEz-GArRIDo (1971) mapped the area of Orcera and studied the Triassic. 
sequence of the Siles-Hornos anticline. He identified three carbonatic inter- 
calations within a shaly-sandy sequence, namely the Hornos-Siles Formation, 


and listed the following Bivalves (det. Hırsch): 


Placunopsis flabellum (SCHMIDT), Placunopsis teruelensis (WuURM), Myophoria 


kiliani (SCHMIDT), Myophoria sublaevis (SCHMIDT), Myophoriopsis 
subundata (SCHAUROTH), Neoschizodus laevigatus (ZIETEN), 


cf. 


Modiola cf. 


minutaeformis (SCHMIDT), Modiola cf. myoconchaeformis (PuiLippr), Gervilleia 
goldfussi (ScHMiDT), Gervilleia joleaudi SCHMIDT, Velopecten alberti (GoLpr), 
Pecten discites (SCHLOTH), Pecten sp., Pleuromya sp., Myoconcha sp., Macrodon — 


sp. 


Lopez-Garripo (1971) and Hirscu (1972) advocated an Early to Late 
Ladinian age mainly on the basis of the monospecific occurrence of the 
conodont Pseudofurnishius murcianus and on the comparable bivalve- 
association occurring in the Saharonim Formation of Southern Israel. 
However, the ammonoids Gevanites (Andalusites) hornosianus Parnes (in 
Hirscu, 1977) and most recently Protrachyceras hispanicum (Mojs.) (PARNES 
et al, 1985, in press) are assigned to the Late Ladinian (Langobardian) 
Protrachyceras archelaus Zone, confirming SCHMIDT’s original assumption. 

Besems (1981, 1983) in palynological studies of the Siles and Hornos 
sections advocates Fassanian - Cordevolian (Early Ladinian - Early Carnian) 
ages for the Hornos-Siles Formation and furthermore claims the existence of 


only one single carbonatic intercallation. 
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A. Marquez-Auiaca (1985) carried out a systematic and exhaustive 
8 of Bivalve taxa from the Triassic of the Catalan and Eastern Iberic 
| anges, which included several taxa found in Siles-Hornos. 

This study is based on nearly 1000 specimens in stratigraphical sequence. 

it includes the material of Loprz-Garrwo (1971) as well as samples newly 
dollected by the authors. 
Specimens marked E, and Al are housed in the Museum of Natural 
History, Geneva, Switzerland under catalogue numbers 50584-50588 and 
a 50598. Those marked CON, H, HO, ORC and SI are deposited in 
| the department of Geology, Faculty of Biology, University of Valencia 
it am 
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Stratigraphy 
Stratigraphy of the Sephardic Province 


| Tentative correlations of sephardic formations with alpine stages have 
been proposed by Vırcırı (1958), Hirscy (1977) and Parnes et al. (1985, in 
press). The classical trilogy of lower clastics (Bunter, middle carbonates 
Muschelkalk) and upper evaporites/clastics (Keuper) has been demonstrated 
ion various occasions to be heterochronic and facies dependent. These units 
can be subdivided into numerous formations and members. Table 1 summa- 
rizes the main units and fossiliferous levels of the germanic province, Ramon 
and Jordan Valley, Eastern Iberic range, Catalonia and Prebetic Zone (Jaen) 
regions of the sephardic province in particular. 
| The earliest carbonatic intercalation of Muschelkalk type occurs in the 
a’af or Hesban Formation of Pelsonian age in Ramon and in the Jordan 
Valley, as well as in the Lower Muschelkalk of Germany. The Paraceratites 
eds of Catalonia may be contemporaneous or slightly younger. In Ramon 
and the Jordan Valley, clastics with Beneckeia (Gevanim Formation) and in 
Germany evaporites (Anhydritgruppe) appear, but in the Iberic peninsula 
carbonates persist till the Late Anisian. 
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Table 1. Correlation chart of Formations in germanic and sephardic provinces. 
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Carbonates reoccur in Germany (Upper Muschelkalk) and Israel‘ 
(Saharonim Formation) during the Late Anisian and persist into the 
Ladinian. The Early Ladinian in Spain consists of clastics and evaporites 
(Tramo rojo intermedio). The maximal extension of marine carbonate facies 
is reached in Germany during the Early Ladinian and in the Iberic peninsula 
during the Upper Ladinian. In the Levant (Israel) carbonates reach their 
maximal extensions during the Late Ladinian and Early Carnian. Regression 
affects the germanic province as early as the Langobardian (Lettenkohle). In 
the Iberic ranges and in the Prebetic Zone “Muschelkalk”-facies persists until 
close to the Ladinian - Carnian boundary. In Catalonia regression sets in 
during the Early Carnian, whereas in the Levant (Israel) this event probably 
ocurs abruptly at the end of the Lower Carnian. 


Stratigraphy of the Hornes-Siles Formation 


The Triassic of the Prebetic Zone (Fig. 1a) in the northern part of the 
Province of Jaen (Andalusia), is mainly detritic with minor evaporites and 
carbonate intercalations, the carbonates pinch out towards the NW. This 
Triassic sequence, defined as the Hornos-Siles Formation by Lopez-GarRIDO 
(1971) is exposed in a broad strip that extends in a NW-SW direction, 
parallel to the main tectonic structures of the region, between the Hercynian 
basement to the North-West and the internal prebetic ranges to the S-E. 
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Fig. 1. Location map (a) general map of South-Eastern Spain; (b) map of the Hornos 
‚area (with legend); (c) map of the Orcera area; (d) map of the Siles area. 


Lithostratigraphy 


Formation totalizes 385 m, comprising 


the following units: (from bottom to top; base not exposed) 

1. Red and green clays with sandy intercalations, (25 m); 

2. Three fossiliferous limestone intercalations respectively of 5-8 m, 20 and 
25 m thickness, separated by red clays and thin sandstone beds. (70 m); 

3. Red and green clays and marls with nodular gypsum intercalations 


(120 m); 


4. Yellowish sandstones with red strings (30 m); 
5. Dark red clays with thin sandstone intercalations, topped by a bed of 


white-rosa sandstone (80); 


6. Red and green clays with gypsum interbeds (60). 
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The units 3-6 show a great similarity to the detritic sequence described by 
Orrı (1974) as Keuper K1-K4 from the Spanish Levant. 


The carbonate intercalations 


The contacts of the carbonate intercalations are often tectonic planes (see 
map Fig. 1, b-d), caused by differential movements that resulted from the 
difference in competence between limestone and clays. 

This misled Besems (1983) who put a tectonic contact above his unit 4 
(our upper carbonate intercalation), that is covered conformably by our units 
3 and 4. On the other hand, tectonic contacts may occur at the base of 
the upper carbonatic intercalation, as is the case at the base of Besems’ unit 
9, which is repeated mechanically. This explains the repetition of Corde- 
volian palynomorphs found by this author i. e. always on top of the upper 
carbonate intercalation. 

Where the series is less tectonized, as near Siles, the upper carbonate 
intercalation (see Fig. 2) starts with a lower member of epigenetically dolomi- 
tized limestones. These are mainly micritic or dolomicritic mudstones 
showing a lamination due to marly strings. 

Quartz-silt occurs throughout and towards the middle part of the lower 
member, bioclastic intercalations, of microbrecciated aspect in the field, 
interrupt the rather azoic micrites. The bioclastic layers overlap sharply the 
underlying micrites. Their base being slightly erosive, whilst their top shows 
gradual transition to the overlying micrite. Stylolithic contacts and biotur- 
bation is found between the bedding-planes. Selective dolomitization affects 
the bioclasts, which are mainly represented by bivalve fragments. These 
levels are ‘generaly bioclastic grainstones, well washed and associated with 
ooides. 

The upper member comprises fossiliferous limestones, nodular, inten- 
sively bioturbated, alternating towards the top with an increasing amount of 
marls and claystones. The biogenic packstones and grainstones are however 
dominant. 

The interpretation of the sedimentary environment of the carbonatic 
intercalations suggests an internal shallow marine platform environment, in 
which the azoic facies corresponds to a quieter reduced-energy environment, 
hostile to organisms, whilst the bioclastic interruptions may be interpreted as 
tempestites. 


Paleontology 
Taxonomic revision 
Class Bivalvia Linng, 1758 
Subclass Pteriomorpha BrurLEn, 1944 


Order Mytiloida Raringsqug, 1815 
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} 


Fig. 2. Columnar Section 
bf the Siles-Section 


wa) clay or marl; 
Ib) sandstone; 
4 ) bioturbated nodular fossi- 
iiferous limestone with 
arly intercalations; 
) limestone alternating 
with marl; 
e) dolomite; 
f) micro-breccia with fossil 
ragments (tempestite?); 
) burrows, including Rhizo- 
lorallium; 
Ih) probable interruption of 
‚edimentation (hardground); 
i) ferruginous crust. 


207 


Pseudocorbula gregaria 


Gervillia 
Costatoria 


joleaudi 
goldfussi 


jupper carbonatic intercalation). 


Enantiostreon flabellum 


Placunopsis teruelensis 


Costatoria goldfussi 


Bakevellia costata 
Leptochondria alberti 


© 


TN ENIN f 


eee 


7 
D 


208 A. Marquez-Aliaga, F. Hirsch and A. Lopez-Garrido 
Family Mytilidae Rarinesque, 1815 
Subfamily Modiolinae Keen, 1958 


Genus Modiolus Lamarck, 1799 
Modiolus cf. myoconchaeformis (Puiipr1 1889). 


cf. 1898 Modiola myoconchaeformis. - PhiLippi, p. 159, pl. 5, fig. 2. 
cf. 1935 Modiola myoconchaeformis Pumipri. - SCHMIDT, p. 69, pl. 5, figs. 14, 15. 
cf. 1985 Modiolus myoconchaeformis Purr. - MARQUEZ-ALIAGA, p. 168, pl. 3, fig. 4. 


| 


Material: fifty-four specimens represented by internal moulds. (HO/2, 3, 6, 7,9; 
SI/22, 9, 73; E/42; AL/160). 


Remarks: These specimens seem to be closer to M. myoconchaeformis 
than to any other known Triassic species of Modiolus. Since they are indirect 
fossils, it is impossible to detect their fine fibrous radial shell ornamentation 
characteristic of the species (Schmipr 1935). Nevertheless, the shape and the | 
strong oblicual ridge, from the beak to the postapical part of the shell, and 
the truncated posterior edge are in accordance with the description given by 
Marauzz-AuıacA (1985) of complete specimens from Henarejos (Cuenca) in. 
the Iberian Range. 


Dimensions: (mm) Length 3 to 2.5, height 1.5 to 1. 


Distribution: In Germany: “Trochitenkalk” to “Obere Ceratiten- 
schichten” (ScHMiDT, 1938). In Spain: Langobardian of Espejeras (Alicante) 
and Esporlas (Baleares) (Scumipt, 1935). Ladinian of Alpera (Albacete) 
(MARQUEZ-ALIAGA, 1985) (Iberian-Range). | 


Order Pterioida Neweıı, 1965 
Suborder Pteriina Neweıı, 1965 
Superfamily Pteriacea Gray 1847 


Family Bakevellidae Kine, 1850 


Genus Bakevellia Kinc, 1848 
Bakevellia costata (SCHLOTHEIM 1882). 


1822 Mytulites costatus. - SCHLOTHEIM, p. 289, pl. 37, fig. 2. 

1885 Gervilleia costata SCHLOTHEIM. — MALLADA, jah U9). 

1885 Avicula bronni Avperti. - Mattapa, p. 11, pl. 3, figs. 7-9. 

1911 Gervilleia costata var. contracta SCHAUROTH. - WURM, p. 111, pl. 6, figs. 17, 18. 
1935 Gervilleia costata SCHLOTHEIM. — SCHMIDT, p. 53, pl. 4, fig. 19. 

1965 Gervilleia costata SCHLOTHEIM. - HINKELBEIN & GEYER, p. 65, 68, 83. 


1985 Bakevellia costata SCHLOTHEIM. - MARQUEZ-ALIGA, p. 176, Pl. 3, fig. 6; pl. 4, figs. 
6, 10. 
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Material: Thirty specimens with fragments of shells and sixteen as internal 
soulds (HO/2, 33:5,59 7H 55 21: S03, 6, 7, 8, 11, 12; E/42, 43, 44; AL/13, 158, 178). 


Description: Shell medium-sized, pteriiform, not very elongated. 
hequivalve, with the left valve more convex than the right one. Highly 
equilateral. An angle of approximately 40 degrees is formed between the 
prsal margin and the long axis of the shell. Orthogirate small beaks situated 
prward and pointed over the rectilinean dorsal edge. Anterior auricle very 
mall. Posterior wing long with acutely pointed tip. Surface of shell smooth, 
'kcept for growth-lines. 
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is 3. Faunal distribution and Provincialism: 
1) probable migration route of Costatoria goldfussi and Bakevellia costata; 

2) probable migration route of Enantiostreon flabellum, Gervillia joleaudi and 
| possibly Placunopsis teruelensis; 


)) maximal extension of carbonate sedimentation at Ladinian - Early Carnian 


n 

) Tethys rifting and spreading; 

) contours of present topography; 

Neoschizodus laevigatus (cosmopolite); 

1) Costatoria goldfussi (germanic); 

) Leptochondria alberti (cosmopolite); 

| Bakevellia costata (southern alpine or germanic); 
) Gervillia joleaudi (sephardic); ' 

) Enantiostreon flabellum (sephardic); 

) Placunopsis teruelensis (sephardic); 

re of capital indicates relative dominance in population. 


210 A. Märquez-Aliaga, F. Hirsch and A. Lopez-Garrido 


Remarks: The probability of obtaining good preserved specimens of 
Bakevellia is comparetively high, due to the microstructural nature of its 
shell (calcitic-prismatic) (see Marquez-Atica & DE Renzi, 1983), which 
posesses great stability against fossil-diagenesis. The specimens in the present 
material, with preserved shells, are very close to B. costata. Other specimens 
should be included to the same species. 


Dimensions: (mm) Length 18 to 9, height 9 to 5. 


Distribution: In Germany: “Oberer Buntsandstein, Röt” to “Obere 
Ceratitenschichten” (ScumipT, 1938). Southern Alps: Scythian to Anisian 
(Kurassy, 1931). In Spain: Langobardian of Espejeras (Alicante) and Esporlas 
(Baleares) (Scumipt, 1935); Virglorian of Alicante (DaRDER, 1945); Upper 
Muschelkalk of Royuela (Teruel) (HınkELBEIN & GEYER, 1965); Upper 
Ladinian of Henarejos (Cuenca) and Libros (Teruel); Upper Ladinian of 
Bugarra (Valencia) (Marquez-Auiaca, 1985 and MArRQUEZ-ALIAGA et al., | 
1984). | 


Genus Gervillia DEFRANCE, 1820 
Gervillia joleaudi (ScHmiprt 1935) 
Fig. 4E, F 


1935 Gervilleia joleaudi - SCHMIDT, p. 53, pl. 4, figs. 17, 18, 20. 

1960 ?Gervillia joleaudi SCHMIDT. - LERMAN, p. 34, pl. 3, figs. 14, 15. 

1965 Gervilleia cfr. joleaudi SCHMIDT. - HINKELBEIN & GEYER, p. 62, 65, 68. 
1966 Gervilleia fraasi PHiLippil. - FERNANDEZ-RuBIo et al. p. 126, fig. 2. 
1985 Gervillia joleaudi SCHMIDT. -— MARQUEZ-ALIAGA, p. 185, pl. 4, figs. 2, 7. 


Material: Thirty specimens represented by well preserved closed valves. (HO/9; 
1:02, 35 DA, UIE AA WSS T/iN, 


Description: Shell medium-large sized. Ensiform, greatly elongated, 
slightly curved ventral edge, scarcely oblique. Subequivalve, the left valve is 
more convex and has an obtuse diagonal ridge. The post-apical part of the 
body shell is slightly more inflated than the prae-apical part. An angle of 
approximately 25° is formed between the dorsal margin and the long axis of 
the shell. 

Terminal and non prominent beaks are situated between a narrow,; 
scarcely raised obtuse posterior wing and an anterior very long, acutely 
pointed wing. The anterior wing protrudes from the anterior edge body 
point. The hinge consists of a ligamental plate-area and of many fine 
actinodont teeth in a radial location inclined towards the ligament area thus 
forming acute angles whose apexes point forward. Four ligamental pits a 


below the beaks. 


Surface of the shell smooth, except for fine or large concentric growth 
lines. 
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ig. 4. (all figures x 1). G 
Enantiostreon flabellum (ScumipT), Siles, SI. 
Costatoria goldfussi (ALBERTI), AL-171, Hornos MHN 50588. 
Pseudocorbula gregaria (Münster), Costatoria goldfussi (AvBERTI), AL-159, 
Guadabraz North, MHN 50586. 
Pleuromya cf. P. elongata (SCHLOTHEIM), Enantiostreon flabellum, Leptochondria 
albertii, Guadabraz South, H-11. 

FE Gervillia joleaudi (Scumior), Siles, SI. 
Leptochondria alberti (GoLpruss), Enantiostreon flabellum, Pleuromya cf. P. elongata 
H-15, 7, Guadabraz South. 

AHN: Museum d’Histoire Naturelle, Geneva, Switzerland Catalogue Number.) 


N. Jb. Geol. u. Paläont. Abh. Bd. 173 
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Remarks: This form was first pointed out by Jorzaup (1912), from 
specimens from Djet-Chettaba (Algeria), but the author related it to 
Hoernesia. Scumipr (1935) studied abundant material, from the Iberian 
Range and the Balearic zone, and erected a new taxon of Gervillia based on 
the North-African specimens figured by Jotzaup (1912). 

G. joleaudi seems to be nearer to G. alberti CREDNER, from the Anisian, 
than to any other known Triassic Gervillia; G. alberti lacks the typical very 
elongated anterior wing of G. joleaudi. On the other hand, Scumipr in his 
diagnosis of G. joleaudi emphasized its typical anterior wing with the 
expresion: “fingerförmig abgesetzt”. The later author also showed the 
presence of a diagonal ridge in the left valve as well as the strongly curvated 
ventral edge. : 

A majority of the specimens have a very thick shell which is rare. The | 
high level of preservation of G. joleaudi may, as in the case of B. costata, be 
conditioned by the type of shell structure. Recently, Dr Renzi & MARQUEZ- 
Auıaca (1980) pointed out the very delicate primary details of the G. joleaudi 
shell which exhibits an ectostracum of simple prismatic microstructure (sensu / 
Tavıor et al., 1969); without simple crystals) or a calcitic (primary?) mineral 
as component are evident. The present material is close to the specimens 
described by Marquez-Auiaca (1985) from the Iberian range. 


Dimensions: (mm) Length 115 to 40, height 35 to 17. 


Distribution: In Algeria: Middle Triassic of Djet-Chettaba (JoLEAUD, 
1912 and GLAnGEAuD, 1952 in LERMAN, 1960). In Israel: Anisian and lower 
Ladinian of Ramon (LERMAN, op. cit.). In Spain: Middle Langobard of Canet 
(Mallorca), Ciral (Castellon), Cehegin (Murcia) and Siles (Jaen) (ScHMipT, 
1935); upper Ladinian of Henarejos (Cuenca) and Chelve (Valencia) . 
(MARQUEZ-ALIAGA, 1985). 


Superfamily Pectinacea RArınEsQuz, 1815 
Family Aviculopectinidae MEEK & Haypen, 1864 
Subfamily Aviculopectininae MEEK & Haypen, 1864 
Genus Leptochondria Bittner, 1981 
Leptochondria alberti (GoLpruss 1838) 
Fig. 4G 


1838 Monotis alberti - Goıpruss, p. 130, pl. 120, figs. 6. 

1838 Pecten inaeguistriatus MÜNSTER in GoLDFUSsS, p. 40, pl. 89, fig. 1. 
1885 Pecten inaequistriatus MÜNSTER. - MaALLADA, p. 12, PISDE 11 
1885 Pecten alberti GoLDFuss. - MALLADA, p. 13, pl. 3, fig. 13. 

1911 Pecten inaequistriatus GoLpruss. - Wurm, p. 102, pl. 6, figs. 8, 9, 10. 
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P13 Pecten inaequistriatus Goupruss. - Wurm, p. 7, pl. 19, fig. 7. 

924 Pecten (Pseudomonotis) inaequistriatus MÜNSTER. - Cox, p. 68, pl. 1, fig. 16. 
P35 Velopecten alberti Goupruss. -- SCHMIDT, p. 61, pl. 4, He, SO; Bile 

P42 Pecten (Velopecten) alberti Goipruss. - STEFANOV, p. 2, pl. 1, figs. 2, 3, non. 
P58 Chlamys (Velata) alberti Goupruss. - Virciu, p. 464, pl. 8, fig. 2. 

P60 Pecten alberti GoLpruss. - LERMAN, p. 40, pl. 4, fig. 14. 

#65 Velata alberti GoLpruss. — HINKELBEIN & GEYER, PGA, OY: 

It Leptochondria alberti Goipruss. - ALLasınaz, p. 246, pl. 30, fig. 1. 

#85 Leptochondria alberti Goipruss. — MARQUEZ-ALIAGA, p-2035 ple Ay ties. o: 


Material: Sixteen specimens (H/8, 12, 15; SI/0, 10; AL/171). 


| Description: Shell small sized, very thin. Suborbicular-pectiniform, 
fightly prosocline. Subequivalve, the left valve moderately convex, with a 
ery slightly protruding umbo, right valve almost flat. 

Beaks near middle of hinge margin; the wings are small and inconspi- 
hous, approximately equal in size, and not separated from the disc of the 
lve. Left valve with two orders of very regular radial riblets; the second 
ne arises by intercalation between the principal and larger radial riblets, 
thich are present on the wings. Smooth right valve. 

| Remarks: Only a small part of our material is complete and well 
reserved, however the typical radial ornamentation of the left valves 
-monstrates its relationship to L. alberti, even with incomplete specimens. 
fhe shell microstructure has been studied by Marqugz-Aiaca et Dr Renzi 
(983) who pointed out primary foliar structure. 


| Dimensions: (mm) Length 13 to 9, height 13,5 to 9,5. 
| Distribution: In Germany: “Oberer Buntsandstein, Röt”, to “Letten- 
iohle” (Schmipt, 1938). In Southern Alps: Scythian to Carnian (Kurassy, 
931). In the Jordan Valley: Anisian of Wadi Hesban (Cox, 1924) and Lower 
adinian of Ramon (Israel) (LERMAN, 1960). In Spain: Ladinian of Esporlas 
Ee eaies) (Vine, 1952), Upper Muschelkalk of Royuela (Teruel) 


HINKELBEIN & GEYER, 1965), Upper Ladinian of Henarejos (Cuenca) and 
Jugarra (Valencia) (Marquez-Auiaca, 1985 and Marquez-Auiaca et al., 


984) 


| 
| 


| Family Terquemiidae Cox, 1964 


Genus Enantiostreon BITTNER, 1901 
Enantiostreon flabellum (Scumipt 1935) 
Fig. 4A 


35 Placunopsis flabellum. - SCHMIDT, p. 64, pl. 5, figs. 4, 5. 
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1960 Placunopsis cf. flabellum Scumipt. - Lerman, p. 30, pl. 2, fig. 22. 
1973 Placunopsis flabellum Scumit. - DABRIO-GONZALEZ, p. 36. 


Material: Two hundred and sixty eight specimens (complete, fragmentary and as 
internal moulds with rest of the shell. (HO/1, 2, 6, 8; CON/2, 3; H/1-15, 18-22; SI/8- 
10, 23-29; E/42-44; AL/13, 158, 160, 171). 


Description: Shell small to medium sized. Subovate, irregular in 
outline. Equilateral to subequilateral. Subequivalve. Auricles absent. 
Attached at umbo by small, circular xenomorphic area of the right (?) valve. 

Both valves have a surface of regular (or almost regular) radial and 
smooth ribs between 10 and 14 in number and separated from each other 
not more than 1 or 2 mm. New ribs arise by bifurcation. On occasions, large 
growth lines break the regular ornamentation. | 


Remarks: This species is extremely dominant in the Hornos-Siles 
formation and was described by Scumipt (1935) as a new Placunopsis “but; 
without the thin radial ribs characteristic of that genus”. However, the latter 
author noticed the “habitus” of Enantiostreon of his new species from Siles. 


We observe a relationship between the present specimens and the forms) 
figured by Cox (1924, p. 65, figs. 9, 10, 11) - as Ostrea (Lopha) montis caprilis, 
Kuırstein (1845 in Cox 1964), from the Anisian of the Jordan-Valley. This, 
author commented upon the proximity of his Ostrea to the specimens found 
by Pervinquiére (1903 in Cox 1964) in a formation, equivalent to the; 
“Lettenkohle”, of Tunis. In Cox’s opinion, all these are very different from. 
Enantiostreon in Germany, and the forms figured by Bırrner (1912, p. 70, pl., 
6, figs. 20, 25) - as Enantiostreon hungaricum var. suborbicularis BITTNER 
(1912), from the Middle Triassic of the Jordan-Valley. All these forms, E., 
flabellum included, belong to the Sephardic-Province (Hirscu, 1972) and are. 
relatively close to E. difforme (SCHLOTHEIM, 1822) which is frequent in the, 
Iberian Range of Spain, as a component of the “Teruel fauna” of ScHMIDT, 
(1935). The Iberian E. difforme forms (in Marquez-Auiaca, 1985, p. 244, pl., 
6, figs. 1, 2), have larger irregular ribs, the separation between them being 
Enantiostreon are similar, both forms demonstrate easy adaptability to the: 
substratum, which is responsible for their frequently irregular outline. One. 
could conceive of the possibility of a sub-specific rank of E. difforme for the: 
Siles taxon. At the moment, the large interruption in the fossil record: 


(concretely in Spain, from Valencia to Jaen) does not allow the verification 
of this hypothesis. 


Dimensions: (mm) Length 30 to 8, height 29 to 8. 
Distribution: In Spain, Langobardian in Hornos-Siles (JAEN) (SCHMIDT, 


1935). Upper Ladinian of Borosa river (JazN) (DaBrio-Gonza.ez, 1973). In 
Israel: Lower Ladinian of Ramon (Lerman, 1960). 
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?Genus Placunopsis Morris & Lycetr, 1853 
Placunopsis teruelensis Wurm 1911 


| 1911 Placunopsis teruelensis. - Wurm, p. 18, pl. 15, fig. 1. 

| 1914 Placunopsis teruelensis Wurm. - DARDER, p. 18, pl. 15, fig. 1. 

p-p- 1924 Plicatula (Pseudoplacunopsis) fissistriata (WiNKLER). - Cox, p. 67, pl. 1, 
| fig. 13. 

| 1935 Placunopsis teruelensis Wurm. - SCHMIDT, p. 63, pl. 5, fig. 2. 

| 


| 1935 Placunopsis teruelensis var. latiplex. - SCHMIDT, p. 64, pl. 5, fig. 3. 

p-p- 1960 Plicatula (Pseudoplacunopsis) fissistriata (WINKLER). - LERMAN, 1% 28, jal 2, 
u IW% 

1965 Placunopsis teruelensis Wurm. — HINKELBEIN & GEYER, Ds) 62,655 07,209: 

1973 Placunopsis teruelensis Wurm. - ANADON & ALBERT, p. 151. 

1985 Placunopsis teruelensis Wurm. — MARQUEZ-ALIAGA, p. 254, pl. 6, fig. 6. 


| Material: Thirty-three specimens (complete and fragmentary) (HO/2, 3, 10; 
(ON/2, Stee Os OsmAl/MS.. 15 Sem AD 


Description: Shell small sized. Suborbicular, slightly irregular outline. 
jubequilateral. Inequivalve. Auricles absent. Irregular and nearly flat 
imbonal area in central position. The cardinal area consists of an uneven 
hickening rebounding along the hinge plate. 
Attached by a large xenomorphic area of the right valve which, on 
Iccasion, occupies its entire surface. Left valve slightly inflated. Surface 
irnamentation of very fine radial striae. Irregularly spaced concentric growth 
anes. Different radial large waves. Thick shell with ostracum foliaceous. 
Remarks: The characteristic ornamentation of the shell of P. teruelensis 
| easy to identify even with fragmentary material and in poorly preserved 
pecimens. The diagenesis of P teruelensis from the Iberian Range (Cuenca) 
ras studied by De Renzi & Marquez-Auiaca (1980). The foliar nature of its 
hicrostructure, as well as its calcitic mineralogical composition (primary?) 
tas demonstrated. 


Se IN. : 
| However P. teruelensis is not as representative in the Hornos-Siles 


prmation, as in the Iberian Range, where the species is the dominant 
Dmponent, with G. joleaudi and L. alberti, of the “Teruel fauna” of SCHMIDT 
1935). The specimens of the present material are close to the Iberian forms, 


| ie of smaller size. 
| 


| Dimensions: (mm) Length 14 to 8, height 13 to 7. 


| 
| Distribution: In Spain: Muschelkalk-Pecten bank of Royuela (Teruel) 
Wurm 1911). Ladinian of the Iberian Range (Schmipr, 1935) and“the Balear- 
rea (Darver, 1941). Upper Ladinian of the Meridional Iberian Range 
ärquez-Aliaga, 1985). In the Jordan-Valley: Anisian (Cox, 1924). In Israel: 
ower Ladinian of Ramon (LERMAN, 1960). 
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Subclass Paleoheterodonta Neweıı, 1965 
Order Trigoniida Daıı, 1889 
Superfamily Trigoniacea Lamarck, 1819 
Family Myophoriidae Bronn, 1849 
Genus Costatoria WAAGEN, 1906 
Costatoria goldfussi (ALBERTI in ZIETEN 1830) 
Fig. 4B, C 


1830 Trigonia goldfussii. - ALBERTI in ZIETEN, p. 455, pl. 51, fig. 2. 

1880 Myophoria goldfussii Atperti. - MALLADA, p. 248, pl. 2, fig. 12, 13. 

1911 Myophoria cf. vestita ALBERTI. - Wurm, p. 98, pl. 6, fig. 6. i 

1935 Myophoria kiliani. - SCHMIDT, p. 79, pl. 5, fig. 31, 32. | 

1957 Myophoria goldfussi AuLserrti. - Hers, p. 534, pl. 1, figs. 5, 6, 8. 

1958 Myophoria goldfussi (ZiETEN). — Virct, p. 480, fig. 58. 

1965 Myophoria kiliant SCHMIDT. - HINKELBEIN & GEYER, p. 62, 65. 

1966 Myophoria goldfussi ALBERTI. — FERNANDEZ-RuBio, p. 126, fig. 2. f 

1966 Costatoria (Costatoria) goldfussi (ALBERTI). - ALLASINAZ, p. 690, pl. 50, figs. 7, 8,. 
Ne AMO) 

1972 Costatoria goldfussi (ZiETEN). — ENTCHEVA, p. 89, pl. 25, fig. 4. 

1973 Myophoria aff. harpae MÜNSTER. - ANADON & ALBERT, p. 151. 

1985 Costatoria goldfussi (ALBERTI in ZIETEN). - MARQUEZ-ALIAGA, p. 297, pl. 7, figs. 
5a, 5b. 


7 

Material: One hundred and eighty six specimens as internal moulds. (HO/3, 4, 7, 

9; CON/], 2, 3; H/3, 4, 5, 7, 15, 19, 20,21; S1/0, 2; 3, 5, 7,9; E/42,43, 447 Al/13) 1988 
159, 171). 


Description: Shell small sized. Trigonally ovate. Equivalve. Moderately 
inequilateral with marginal carina slightly pronounced. 

Beaks prosogyrous and in a forward position. Flank with nine to ten! 
prominent, unevenly-spaced radial ribs. Smooth interspaces of greater width‘ 
than the rib waves. Area with two very weak radial ribs, poorly defined! 
escutscheon. 
\ 

Remarks: This species is dominant in Hornos-Siles formation, after E! 
flabellum, and was erected by Scumipt (1935) as a new taxon on the basis of 
material from the Langobardian (Upper Ladinian) at different localities: 
Esporlas (Baleares), Espejeras (Alicante) and Siles (Jaen). Schmipr pointed 
out a genetic relationship between C. goldfussi and the species M. kilianı 
“both are very similar” but M. kiliani (following Scumipt) “may be an older 
form”. It seems that ScHMIDT erected M. kiliani as a new taxon out of strati- 
graphic considerations. Scumrpt’s own diagnosis not only indicates the lack 
of differences between M. kiliani and M. goldfussi, but, after comparison of 
Spanish and Germanic material of C. goldfussi any basis to ScHMIDT’s new 
taxon seems unjustified. 
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Dimensions: (mm) Length 10 to 7, height 9,5 to 6,5. 


Distribution: In Germany: “Untere Ceratitenschichten” to “Letten- 
kohle” (Scumipt, 1938). In Southern Alps: Ladinian to Carnian (ALLASINAZ, 
1966). In Spain: Upper Ladinian of Catalonia (Vircitt, 1958) and the Iberian 
ange (MARQUEZ-ALIAGA, 1985). 


Genus Neoschizodus GIEBEL, 1885 
Neoschizodus cf. laevigatus (GoLpruss in ZIETEN 1883) 


cf. 1830 Trigonia laevigata. - Goıpruss in ZIETEN, p. 94, pl. 71, fig. 2. 

-f. 1880 Myophoria laevigata GoLpruss. - Ma.zapa, p. 246, pl. 2, figs. 1, 2, 3, 4. 
. 1935 Myophoria laevigata ALBERTI. - SCHMIDT, p. 74, pl. 5, fig. 25. 

1958 Myophoria laevigata ZietEn. - Vircu, p. 476, pl. 11, fig. 4. 

ef. 1959 Neoschizodus laevigatus ZiETEN. - Rosst-Roncuetl, p. 324, pl. 19, figs. 1, 2, 3. 
-f. 1960 Neoschizodus laevigatus ZIETEN. — LERMAN, p. 26, pl. 2, figs. 14, 15. 

-f. 1965 Myophoria laevigata ALBERTI. — HINKELBEIN & GEYER, p. 63, 67. 

Ef. 1969 Myophoria laevigata ZIETEN. - ENtcHEvA, p. 86, pl. 26, fig. 6. 

bf 1985 Neoschizodus laevigatus GOLDFUSS. - MARQUEZ-ALIAGA, p. 316, pl. 8, fig. 7, pl. 
| 14, fig. 1. 


r 


Material: Three specimens (as internal moulds). (HO/8; AL/160). 


Remarks: The examined specimens are somewhat smaller than the 
average indicated by Gorpruss (1963) and Arperti (1864) and are therefore 
tloser to the forms figured by ScHmipt (1935) and MARQUEZ-ALIAGA (1985). 


Dimensions: (mm) Length 13 to 11, Height 12 to 10. 


Distribution: In Germany: “Oberer Buntsandstein (Röt)” to the Upper 
*Lettenkohle” (SchMipr, 1938). In Southern Alps: Werfenian to Ladinian 
(Kurassy, 1931). In Transjordan: Anisian (Cox, 1924). In Israel: Upper 
‘Anisian - Lower Ladinian of Ramon (Lerman, 1960). In Spain: Lango- 
bardian (Mitt. Lad.) of Esporlas (Mallorca), Cehegin (Murcia) and Espejeras 
(Alicante). Cordevol (?) of Molina de Aragon (Teruel) (Schmipr, 1935). 
Anisian of Centelles (Catalonia) (Vırcıu, 1958) and Serra (Valencia) 
(MARQUEZ-ALIAGA, 1985). Upper Ladinian of Henarejos (Cuenca), Libros 
(Teruel) (Marquez-Auiaca, 1983) and Bugarra (Valencia) (MARQUEZ-ALIAGA 
et al. 1984). 


Subclass Heterodonta NEUMAYR, 1884 
Order Veneroida H. Apams & A. Apams 1858 
Superfamily Crassatellaceae Frrussac, 1882 


Family Myophoricardiidae CHavan in Voxs, 1967 
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Genus Pseudocorbula Puri, 1838 I 
Pseudocorbula gregaria (MÜNSTER in GoLDFUss 1838) 


Fig. 4C 


1838 Nucula gregaria. - Münster in GoLpruss, p. 152, p. 124, fig. 12 a, b. 

1863 Corbula dubia. - Minster in GoLpruss, p. 239, p. 151, fig. 13 a. b. 

1880 Nucula gregaria Münster. - Mattanpa, p. 249, pl. 3, fig. 3. 

1911 ?Pseudocorbula gregaria Puuipri. - Wurm, p. 117, pl. 6, figs. 25, 26. 

1911 Pleuromya hispanica. - Wurm, p. 116, pl. 6, fig. 24. 

1935 Myophoriopis conspicua. - SCHMIDT, p. 86, pl. 5, fig. 39. 

1935 Myophoriopis keuperina QUENSTEDT. - SCHMIDT, p. 85, pl. 5, fig. 38. 

1935 Myophoriopis gregaria MÜNSTER. - SCHMIDT, p. 84, pl. 5, fig. 36. 

1935 Myophoriopis nuculiformis ZENKER. - SCHMIDT, p. 85, pl. 5, fig. 37. i 

?1935 Myophoriopis sandbergeri PhiLippi. - SCHMIDT, p. 85. | 

1935 Myophoriopis? - SCHMIDT, p. 85, pl. 5, fig. 40. 

1958 Myophoriopis (Pseudocorbula) keuperina QUENSTEDT. — VIRGILI, p. 486, pl. 12, 
a 2 

1958 Myophoriopis (Pseudocorbula) nuculiformis ZENKER. — VIRGILI, p. 488. | 

1960 Myophoriopis subundata (SCHAUROTH). —- LERMAN, p. 25, pl. 2, fig. 10, 11. 

1965 Myophoriopis nuculaeformis (ZENKER). - HINKELBEIN & GEYER, p. 63. 

1965 Myophoriopis gregaria (MÜNSTER). -— HINKELBEIN & GEYER, p. 63. | 

1985 Pseudocorbula gregaria (MÜNSTER in GOLDFUSS). - MARQUEZ-ALIAGA, p. 328, pl. | 
8. 1105249,06. 


Material: Two hundred and eight specimens. (The majority as internal moulds, 
the minority as fragments of shell) (HO/2, 3, 4, 5, 9; H/6; SI/5, 7, 8, 11, 12, 13, 14; E/ 
44; AL/13, 158, 160, 171.) 


Description: Shell very small sized. Transversely subtrigonal. 
Moderately inflated; greatest inflation just below umbo. Inequilateral. 
Curved umbo, slightly anterior to center; prosogyrate. Small lunule and 
longer escutcheon present. Very weak posterior carina. Regular outline form 
with posterior end truncated. Shell-surface smooth. 

Remarks: This species is one of three dominant forms in the Hornos- 
Siles Formation (with E. flabellum and C. goldfussi). The sample is composed 
of a large number of very small sized individuals. It is frequent to find this 
feature in P. gregaria samples (see Wurm 1911 and Scumipt, 1935) from 
many other equivalent Muschelkalk levels (Catalonia and Iberian Range). 
Recently (Marquez-Auiaca, 1985, p. 382) related the opportunistic nature of 
P. gregaria to the dominance of the species in beds of the upper Muschelkalk 
of Henarejos (Cuenca) (in the equivalent Royuela-beds of HINKELBEIN & 
Geyer, 1965). Its presence seems to be related to extreme environmental 
conditions. Nevertheless, it must be emphasized (see Marqurz-ALIAGA & DE 
Renzi, 1984) that the opportunist species invasion introduces large changes 
in the diversity values at the settled community. These changes should not 
be interpreted only as being due to physical influences, but as also due to 
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henomena of competition between species (Goutp, 1976). On the other 
Lind, the clear intraspecifical variability of this form has been studied in a 
arge sample of well preserved specimens from Cuenca and Teruel (see 
WIARQUEZ-ALIAGA, 1985, p. 334). Our present specimens are smaller than 
those from the Iberian Range. 


Dimensions: (mm) Length 6 to 4, height 5 to 3. 


Distribution: In Germany: “Oolithbänke” to “Obere Ceratiten- 
ichichten” (Scumipt, 1938). In the Southern Alps: (Diener, 1923; Kurassy, 
931). In Israel: Mid. to Upper Ladinian of Ramon (Lerman, 1960). In Spain, 
11 of Centelles and EI Farell; Upper Ladinian of Begues (Catalonia) 
NirGiLi, 1958). Midd. Ladinian (Landgobard) of Espejeras (Alicante), 
hoyuela (Teruel); Keuperdolomit of Valsalobres (Teruel) (Scumipt, 1935). 
\Jpper Ladinian of Henarejos (Cuenca), Libros (Teruel) and Bugarra 
Nalencia) (Marquez-Auiaca, 1985) (MaRQuez-Auiaca et al., 1984). 


Subclass Anomalodesmata Dat, 1889 
Order Pholadomyoida Newe tt, 1965 

Superfamily Pholadomyacea Gray, 1847 

| Family Pleuromyidae Dar, 1900 

| Genus Pleuromya AGassiz, 1842 

Pleuromya cf. elongata (SCHLOTHEIM 1882) 


Fig. 4D 


tf. 1822 Myacites elongatus. - SCHLOTHEIM, p. 109, pl. 33, fig. 3 a, b. 

tf. 1885 Myacites elongatus SCHLOTHEIM. — MALLADA, p. 5, pl. 1, figs. 7, 8. 

tf. 1911 Myacites elongatus SCHLOTHEIM. - Wurm, p. 118, pl. 6, fig. 28. 

tf. 1911 Myacites mactroides SCHLOTHEIM. - Wurm, p. 117, pl. 6, fig. 27. 

tf. 1935 Pleuromya wurmi. - SCHMIDT, p. 90. 

le 1958 Pleuromya elongata SCHLOTHEIM. - ViRGILI, p. 497, pl. 10, fig. 4. 

tf. 1965 Pleuromya elongata SCHLOTHEIM. - HINKELBEIN & GEYER, p. 63. 

tf. 1969 Pleuromya elongata SCHLOTHEIM. - ENTCHEVA, p. 52, pl. 2, fig. 6. 

le 1973 Pleuromya mactroides SCHLOTHEIM. - ANADON & ALBERT, p. 151. 

tf, 1985 Pleuromya elongata (SCHLOTHEIM). - MARQUEZ-ALIAGA, p. 350, pl. 8, fig. 4. 


omposite moulds - sensu McALESsTER, 1962 -) (H/11, 15, 19; E/43, 44; AL/13, 159, 


| 
| Material: Thirteen specimens as internal moulds (some of the larger ones are 
71). 


| Description: Shell of medium to small size. Equivalve, oblong and 
oily inflated. Narrow posterior gape. Umbones within interior half, 
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broadly rounded, slightly protruding and opisthodetic. Pallial sinus deep. | 
Surface with concentric alight ribbing. 

Remarks: These small and badly preserved specimens seem to be closer 
to P elongata than to any other known Triassic species of Pleuromya. In them 
we have only sufficient data to set an open determination. They are like the : 
specimens figured by Wurm (1911) in Aragonia and VircILI (1958) in 
Catalonia. The latter material has been revised by Marquez-Auiaca (1985), | 
who pointed out the difficulties of study of the cited Spanish Pleuromya 1 
forms and the confusing relations between similar forms which have been | 
assigned by many authors to many different Pleuromya species. 


Dimensions: (mm) Lenght 22, 10 to 8, height 11,6 to 5, inflation 8 to ?. , 


Distribution: In Germany: “Obere Ceratitenschichten” to *Gips- 
keuper” (ScumipT, 1938). Southern Alps: Anisian (Diener, 1923). In Bulgaria: 
Campilian of Tolbouhin (EntcHEvA, 1969). In Spain: Anisian of EI Farell | 
(Catalonia) (Vırcırı, 1958). Upper Muschelkalk of Aragon (Wurm, 1911; 
HINKELBEIN & GEYER, 1965). Langobard (Mid. Lad.) of Espejeras (Alicante) | 
(ScumipT, 1935). h 


Faunal distribution 


From the faunal distribution of the various localities of the Hornos-Siles 
Formation (see also maps Fig. 1, b, c.) we can extrapolate the existance of 
up to three levels characterised by their respective faunal assemblages. The 
first level (I) is dominated by Enantiostreon flabellum at Hornos (H), Cortijos ; 
Nuevos (E-42); this assemblage characterises the lower carbonatic interca- 
lation of the Formation. The second level (II) shows a clear drop in the 
occurrence of E. flabellum and a slight raise in the relative occurrence of 
Costatoria goldfussi; this level occurs at Cortijos Nuevos (E-43-44, CON, 
AL-13) in the middle carbonatic intercalation of the Hornos-Siles Formation 
and in the lower part of the upper carbonatic intercalation at Siles (SI) and 
Guadabraz (AL 158). The third level, (II), though species present in the 
lower levels are still representative, is invaded in mass by Pseudocorbula 
gregaria; this level occurs at Guadabraz (AL-159, HO) and Tranco de Beas | 
(AL 170). | 

It seems that hard-bottom dwellers dominate in the lower carbonatic 
intercalation, epiphytic dwellers being more abundant in the middle interval, | 
whereas infaunal forms dependant on soft bottoms occur more abundantly 
in the upper intercalation. | 


: 
( 
) 


| 


Paleoecology 


The calculation of global diversity (MAarGALEr, 1974) and of global 
equitability (BEERBOWER & JORDAN, 1969) was applied by Marquez-ALIaGA 
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(1985) to the fauna of Teruel (Royuela member) in Henarejos. These results 
we can compare with the results of calculations applied to the fauna of Jaen 
\(Hornos-Siles Formation). 

Level 14 of Henarejos (Teruel) yielded per sq. m. on a surface of 0.35 m2, 
2 specimens of G. joleaudi, 55 of Leptochondria alberti and 96 of P. terue- 
Vensis, among a total of up to five determinable species, the population 
ensity being 214 specimens per sq. m. The global diversity of this level 
Hreaches 1.79, whereas global equitability is 0.77. 
Level 18 of Henarejos yielded per sq. m. on a surface of 0.68 sq. m., 3 
yspecimens of G. joleaudi, 22 of Enantiostreon difforme, 31 of P. teruelensis and 
77 of Pseudocorbula gr. gregaria, among up to nine determinable species, the 
population density being 133 specimens per sq. m. The global diversity of 
this younger level reaches 2.56 and the global equitability is 0.76. 
It must be emphasized that the species composition varies enormously 
between the two calculated levels of Henarejos L. alberti being absent from 
the upper level (level 18), as are Pseudocorbula and Enantiosteon from the 
lower level (level 14). The relatively constant and rather dominating taxon in 
both levels is P. teruelensis. The upper level is characterised by the invasion 
gof small opportunistic forms in its upper part. 
Marquez-Ataca (1985, p. 395) observed that the differences between the 
two levels may be inferred either to physical changes and fluctuations, or to 
proper dynamics of the ecosystem. In the first assumption this means that 
imore restricted conditions occurred towards the top of level 18, which is 
imainly supported by the relatively much smaller size of the specimens, as 
{found in actual lagoons with rising temperature and fall of salinity. However 
Ja certain stability of such conditions is inferrable from the figures of 
(diversity. 
| In Goutp’s (1976) opinion, the dynamics of the ecosystem may produce 
! such effects which until now have been attributed to the physical 
(environment. The small size (nannism) observed, as well as the replacement 
(of certain species by others may have their origin in the struggle for limited 
resources, combined with high reproduction, as well as low growth-rates. 
| Figures exhibited in Table 2 for the fauna of Hornos-Siles (Jaen) may be 
compared with those of Henarejos (Teruel). Here, as at Teruel, opportunists 
‘seem to invade the biotope toward the top of the stratigraphic sequence, 
whereas nannism may be observed at any level alternating with horizons of 
| large and medium sized specimens. Here diversity and equitability are lowest 
at locality H (resp. 1.83 and 0.59), whereas they reach their highest values at 
locality HO (resp. 2.78 and 0.84). The dominant taxa here are (from 8 to 10 
determinable species) Enantiostreon flabellum and Costatoria goldfusst 
whereas Pseudocorbula gr. gregaria invades the upper levels at Siles and 
‘Hornos (AL-171). Compared with the Eastern Iberic Range the occurrence 
of Gervillia joleaudi and Placunopsis teruelensis in the Prebetic Zone, seems 


‚rather recessive. 
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Table 2. Distribution chart of Bivalves occuring in the Hornos-Siles 
Formation. 


SAMPLES 
SPECIES 


MODIOLUS MYOCONCHAEFORMIS 
BAKEVELLIA COSTATA 
GERVILLIA JOLEAUDI 
ENANTIOSTREON FLABELLUM 
PLACUNOPSIS TERUELENSIS 
COSTATORIA GOLDFUSSI 
NEOSCHLZODUS LAEVIGATUS 
PSEUDOCORBULA GREGARIA 
LEPTOCHONDRIA ALBERTI 
PLEUROMYA CF P. ELONGATA 
INDE TERMINATED 


TOTAL 
SUPERFICY sa. m. 


7805 


TOTAL SPECIES DETERMINABLE 
DIVERSITY (Global) 
EQUITABILITY 


Faunal provincialism 


Unravelling endemism infers the elimination of facies “noise” and so 
demands that the faunal spectra under comparison originate in environments 
as similar as possible. 

ScHmipT (1935) already attributed differences in the faunal content of the 
Teruel and Jaen faunas to facies conditions. 

The greater abundance of marly layers within the Royuela beds 
(HINKELBEIN, 1965) explains well the relative high ratio of loosely found 
infaunal Gervillia joleaudi, whereas probably epiphytic Costatorias are much 
better represented in Hornos, Orcera and Siles. 

On the other hand, minor but highly sensitive differences within the 
paleoecological conditions of hard substrates must be advocated for the 
apparent mutual exclusion and often monospecific occurrence of taxa like 
Enantiostreon and Placunopsis. 

As observable from our figures, the ratio of cosmopolite taxa seems to 
remain relatively low, e. g. Neoschizodus laevigatus, Pleuromya elongata, 
Leptochondria alberti, compared with the relatively high ratio of the taxa 
endemic to the sephardic province, e. g. E. flabellum, P. teruelensis, G. 
joleaudi. 

The stratigraphic level in which some of the taxa occur first in one region 
and its subsequent occurrence elsewhere, as soon as the correspondent niche 


| 
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becomes available, allows the possibility of at least two different migration 
joutes for a number of species such as E. flabellum, G. joleaudi, P. teruelensis 
ssephardic taxa) and C. goldfussi, and B. costata (germanic or alpine taxa) 
IFig. 3). 

If these routes also correspond to paleocurrents remains an open 
question, since tectonic environment (island arcs and embayments) may vary 
in the course of the Triassic and greatly influence the flow of the currents. 


Age 


SCHMIDT (1935, p. 140), comparing the Spanish units of Jaen and Teruel 
with Germany, correlated the levels with C. goldfussi and G. joleaudi respec- 
tively with the lower and middle “Ceratiten-Schichten”, the “nodose 
(eratites” occurring at the top of the Royuela beds being equivalent 
SCHMIDT, 1935) with the German upper “Ceratiten-Schichten” and the level 
bf Placunopsis teruelensis of Teruel with the German “Lettenkohle”. He consi- 
dered the former beds as Langobardian, and the latter, of the Lettenkohle, as 
Cordevolian (today part of the Early Carnian). 

HırscH (1977), following Parnes (in HırscH, 1977) attributed an early 
ate Ladinian age to the “Muschelkalk” - intercalations of the Hornos-Siles 
ormation of Jaen, on the basis of Gevanites (Andalusites) hornosianus, found 
in the upper carbonatic level (AL-159) of the Hornos-Siles Formation. 

_ Besems (1983) attributed a Cordevolian age (Early Carnian) to the fossili- 


Ferous carbonatic intercalations of the Hornos-Siles Formation. 


| Parnes et al. (1985, in press) have clearly demonstrated the Late Ladinian 
age (zone of P. archelaus) of the level of Protrachyceras hispanicum, (E-49) 
Found in the second or middle carbonatic level of the Hornos-Siles 
Formation. At Libros (Teruel) Marquez-Atiaca (1985) and in level 18 of 
Henarejos the present authors have made two new findings of the “Nodose 
teratitids” mentioned by ScHmipt (1935); they may belong to the genus 
Gevanites (A. Goy, pers. comm.), which is not known to range above the 
Late Ladinian. 

Moreover, Besem’s (1983) palynoflora is clearly a part of VIscHER et al’s 
(1980, p. 282) Late Ladinian - Carnian Phase 1, that yields Ovalıpollis 
wseudoalatus, Camerosporites secatus, Enzonalisporites vigens, Duplicisporites 
Branulatus and Triadispora spp. throughout with in its younger upper part 
the addition of Patinasporites densus, Paracirculina quadruplis and Vallaspo- 
files ignacit. 
| In Siles (BesEMs, op. cit. Table 1) only one of the possibly Carnian forms, 
\P. densus occurs, clearly above the upper carbonatic intercalation, and in 

ornos (Tranco de Beas) (Besems, 1983 Table 2), where the series is repeated 
fe Fig. 1b), P densus appears twice above the upper intercalations, and once 


In its upper part. 
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Considering the known range of the seven more characteristic bivalve- 
taxa of the Hornos-Siles Formation (Table 3) it is evident that the cosmo- 
polite, germanic and alpine forms may range into the Upper Triassic 
(Carnian); Sephardic forms are unknown outside the province and cannot be 
used for correlation purposes. It must be remarked, however, that the charac- 
teristic Carnian taxa, common to both sephardic as well as alpine localities 
(Ramon, Catalonia, St. Cassian and Raibl) where the so-called “Muschelkalk” 
facies extends to the Lower Carnian, are not found in the Iberic and Prebetic ° 
regions. 

Conodonts occur in-the three carbonitic intercalations and are repre- 
sented by a single species: Pseudofurnishius murcianus BooGaarD: this taxon 
has been cited from the Lower Carnian of the Alps, in the sephardic ) 
province, however, where it appears monospecifically or in the company of ) 


Epigondolella mungoensis (DIEBEL), it is not recorded in strata younger than 
Ladinian. 


Table 3. Stratigraphic and Paleogeographic Distribution of indicative Bivalves 
occuring in the Hornos-Siles Formation. 


S Scythian 


LL'Lower 


RAMON & 
JORDAN VALLEY 


GERMANIC 
PROVINCE 


IBERIC 
PENINSULA 
UL 


SOUTHERN 
ALPS 


Ladinian 
AAnısıan UL Upper 


C Carnıan 


AY EE c 


NEOSCHIZODUS LAEVIGATUS 
COSTATORIA GOLDFUSSI 


LEPTOCHONDRIA ALBERTI 
BAKEVELLIA COSTATA 
GERVILLIA JOLEAUDI 
ENANTIOSTREON FLABELLUM 
PLACUNOPSIS TERUELENSIS 


SUN: EQ 10a) i) 


Conclusions 


1. Sedimentology and paleontological records allow us to assign to the 
Triassic of the Prebetic Zone an intermediary position between the partly 
continental cover of the Meseta in the NW and the shallow marine epiconti- 
nental platforms of the more internal betic zones, in the SE. This zone still 
reflects both the facies - and faunal developments of the Triassic of the ! 
Eastern Iberic Ranges. For example the similarity of the upper level of the 
Hornos-Siles Formation and of the Royuela member of Teruel (levels 14 and 
18 at Henarejos) and particuly the transition to the Lower Carnian clastics. 
The Prebetic Zone however apparently belongs to a distinct embayment, 
having a slightly different cyclic evolution, which comprises more than one 
carbonitic intercalation in the course of the Upper Ladinian. It also displays 


different species dominating almost equivalent ecological niches (e. “oe 
Enantiostreon flabellum). 


Middle Triassic Bivalves from the Hornos-Siles Formation 225 


2. Distribution of bivalve-taxa allows us to recognize three assemblages, 
Fhich characterize each of the carbonatic fossiliferous intercalations. 

3. Biostratigraphical evidences of ammonoids, conodonts, and palyno- 
norphs confer a Late Ladinian age to the characteristic Middle Triassic 
livalve fauna of Hornos-Siles. 

4. Interregional comparison of taxa shows that among dominant species 
if the Upper Ladinian of Jaen and Teruel, three have migrated from the 
ie part of the Sephardic Province, where they occur earlier, and one 
tom the Alps and the Germanic Province. Cosmopolite taxa are rarely 
jominant, with the exception of the “oportunistic” Pseudocorbula gregaria 
(oods, which either due to environmental changes or to dynamics of the 
icosystem (competition) dominate at the end of the carbonatic sedimentary 
fycle in Teruel and Jaen alike. 


Literature 


ALBERTI, F. (1984): Überblick über die Trias. 330 p., Taf. 1-7, Stuttgart. 
hrrasınaz, A. (1966): Il Trias in Lombardia (Studii geologici e paleontologici). XVIII. 
La fauna e Lamellibranchi dello Julico (Carnico medio). - Riv. Ital. Paleont. 73 (3): 
609-752. 

\,- (1972): Revisione dei Pectinidi Triassici. — Riv. Ital. Paleont. 78, (2): 189-428, L. 

24-28. 

ANADON, P. & ALBERT, J. F. (1973): Hallazgo de una fauna del Muschelkalk en el Trias 

del anticlinal de Calanda (Provincia Teruel). - Acta Geologica Hispanica. 8 (5): 

151-152. 

DEERBOWER, J. R. & JorDAN, D. (1969): Application of information theory to paleonto- 

| logic problems: taxonomic diversity. - Journal of Paleontology 43: 118. 

BESEMS, R. E. (1983): Aspects of Middle and Late Triassic Palynology: Palynology of the 
Hornos-Siles Formation (Prebetic Zone. Province of Jaen, Southern Spain). - 
Schriftenreihe der Erdwissenschaftlichen Kommissionen, Band 5: 37-56, Oester- 
reichische Akademie der Wissenschaften. 

SITTNER, A. (1912): Lamellibranchiaten aus der Trias des Bakonyer Waldes. - Palaeonto- 
logie der Umgebung des Balatonsees, 2: Wien. 

SUSNARDO, R. (1975): Prebétique et Subbétique de Jaen ä Lucena (Andalousie). Trias. - 
Documents des Laboratoires de Géologie de la Faculté des Sciences de Lyon, 65: 
1-183. 

Dox, L. R. (1924): A Triassic fauna from the Jordan Valley. - Annals Maq. Nat. History 

ser. 9, 14: 52-96, 1-2. 

DABRIO Gonzaez, C. (1973): Geologia del sector del alto Segura. - Tesis Doctoral 

Univ. Granada. 1-388, Granada. 

JARDER, B. (1914): El Triasico de Mallorca. - Trab. Mus. Nac. Cienc. Nat. Madrid. (7), 

Pt-85, Lams. 1-9. 

‚- (1945): Estudio Geologico del S. de la provincia de Valencia - Norte de la de 
Alicante. - Bol. Inst. Geol. Min. Espana. 57: 63-775. 

Ye Renzi, M. & Marquez-Auiaca, A. (1980): Primary and diagenetic features in the 

microstructure of some Triassic bivalves. - Rev. Inst. Inv. Geologicas D. P. V. 

Barcelona. 34: 101-116. 


! 
| 


226 A. Marquez-Aliaga, F. Hirsch and A. Lopez-Garrido 


De Renzi & MartINELL, J. (1979): The application of Taxonomic Diversity and other ill 
quantitative procedures in the palaecological study of two Pliocene deposits of | 
’Emporda (Catalunya, Spain). - Tertiary Res. 2, (3), 135-147. | 

Diener, C. (1923): Lamellibranchiata Triadica. - Fossilium Catalogus I. Animalia, 19: \j) 
1-155. 

Entcueva, M. (1969): Several bivalvia from the Campilian by the village Konave, | 
District of Tolbouhin. - Bulgarian Academy of Sciences, Bulletin of Geological ‘ 
Institute, Series Paleont., 17: 47-58. 

=,- (1972): Les fossiles de Bulgarie. II. Le Trias. - Académie Bulgare des Sciences, p. 1- # 
152, Lams. 1-44. I) 

FERNANDEZ Rusio, R., SAVEDRA, J. L., EstErAs, M. & Esnaota, J. M. (1966): Hallazgo de | 
Muschelkalk al norte del embalse de Talave (Albacete). - Bol. R. Soc. Espafiola Il‘ 
Hist. Nat. (Geol.), 64: (2). | 

GLANGEAUD, L. (1952): Histoire geologique de la Province d’Alger. Trias. - XIX Congres | 
geologique international Monographies reginales, serie 1, Algérie, pp. 29-33. # 

Goxpruss, A. (1938): Petrefacta germaniae, Divisio Quarta Bivalvia. - p. 1-273, pl. 72- | 
160. Leipzig. Hi 

Goup, S. J. (1976): Paleontology plus Ecology as paleobiology. In: Theoretical Ecology | 
principles and applications. 295-317. Ed. R. M. May, Blackwell S. P. 


Hers, R. (1957): Zur Fauna des Trigonodusdolomites im nördlichen Kanton Aargau. - ji 
Eclogae geologicae Helvetiae, 50 (2): 530-40. 
Hine pein, K. & GEYER, O. F. (1965): Der Muschelkalk der zentralen Hesperischen 4 
Ketten (Provinz Teruel, Spanien). - Oberrh. Geol. Abh. 14: 55-95. 
Hirsch, F. (1972): Middle Triassic Conodonts from Israel, Southern France and Spain. 4 
- Mitteilungen Gesellschaft Geologie und Bergbaustudenten Wien. 21: 811-828. | 
-,- (1977): Essai de corrélation biostratigraphique des niveaux meso- et neotriasiques | 
de facies “Muschelkalk” du domaine sephardie. Cuad. Geol. Iber. 4: 511-526. | 
JoLeAaup, L. (1912): Etude géologique de la Chaine Numidique et des Monts de 4 
Constantine (Algerie). - Montpellier. 
Kuırstein, A. (1845): Beiträge zur Kenntnis der Ostlichen Alpen: 2. Petrefactologischer | 
Teil, Beschreibung neuerer Versteinerungen von St. Cassian und einiger anderer N 


Localitäten. - Giessen. 
Kurassy, A. (1931): Lamellibranchiata Triadica II. Fosilium Catalogus I. Animalia. 51: 4 
261-477. 


LERMAN, A. (1960): Triassic Pelecypods from Southern Israel and Sinai. - Bulletin 
Research Council of Israel. Section Geo-Sciences, 90: 1 p. 1-60. 


LoPEz-GARRIDO, A. C. (1971): Geologia de la zona Prebetica al NE, de la provincia de 
Jaen. - Tesis Doctoral Univ. Granada. 1-317, Granada. 

-,- (1975): Mapa Geolögico y Memoria explicativa de la Hoja de Orcera (E. 1:50.000). 
- Inst. Geol. Min. Espana, 28 pag. mas 1, mapa. 

Ma ttapa, L. (1880): Sinopsis de las especies fosiles que se han encontrado en Espana. 
Sistema Triasico. - Bol. Com. Mapa Geol. de Espana. 7, 241-256, Lams. 1-3. 

-,- (1885): Sinopsis de las especies fosiles que se han encontrado en Espana. Tomo II. 
Terreno mesozoico (Sistemas Triasico and Jurasico), 1-150, Lams. 1-47. (Trasico p- | 
1-46, Lams. 1-3), Madrid. ] 

Mareater, R. (1974): Ecologia. - 95i pp. Barcelona: Ediciones Omega. 

Marquez-Auiaca, A. (1976): Estudio paleontölogico del Triasico medio en el sector | 
meridional de la Cordillera Iberica. - Tesina de Licenciatura (inedito), Madrid. 113 | 
p. & 9 Lams. 

-,- (1985): Bivalvos del Triasico Medio del Sector Meridional de la Cordillera Iberica 
y de los Catalanides. Publicaciones de la Universidad Complutense de Madrid. 
40: 1-429. Lams. 1-14. 


Middle Triassic Bivalves from the Hornos-Siles Formation DRY 


MARQUEZ-ALlaGA, A. & De Renzi, M. (1983): Nuevos datos para el conocimiento de las 

microestructuras de los bivalvos triasicos de la Cordillera Iberica y de los Catala- 

nides. - VI. Reunion Bienal. Real Sociedad Espanola de Historia Natural, p. 174. 

WARQUEZ-ALIAGA, A & DE Renzı, M. (1984): Temas viejos a la luz de nuevos conceptos: 

La Paleontologia del Triasico espafiol. - I Congreso Espanol de Geologia 1: 451- 

460. 1.C.0.G. 

WARQUEZ-ALIAGA, A., SANTISTEBAN, C. & Marquez, L. (1984): Tridsico medio de 

| Bugarra (Valencia, Espana). - Estudios Geolögicos. 40: 365-374. 

Drri Caso, F. (1984): El Keuper del Levante Espaiiol. - Estudios Geologicos 30: 7-46. 

PaRNES, A. (1977): On a binodose ceratitid from southeastern Spain. - Cuadernos 

Geologia Iberica. 4: 522-525. 

Parnes, A., BENJAMINI, C. & Hirsch, F. (1985): New aspects of Triassic Ammonoid 

Biostratigraphy, Paleoenvironments and Paleobiogeography in Southern Israel 

(Sephardic Province). J. Paleont., 59 (3): 656-666. 

Pumipri, E. (1898): Beiträge zur Morphologie und Phylogenie der Lamellibranchien. - 
Z. deutsch. geol. Ges., 50: 597-622, Taf. 1-19. 

xossı RoNcHETTI, C. (1959): Il Trias in Lombardia. I. Lamellibranchi ladinici del grupo 
delle Grigne. - Riv. Ital. Paleont., 64, (4), 269-357. 

‚CHLOTHEIM, E. F. (1822): Nachträge zur Petrefactenkunde. 1-114, Taf. 1-29, Gotha. 

CHMIDT, M. (1935): Fossilien der spanischen Trias. - Abhand. der Heidelberger 
Akademie der Wissenschaften. 22, 1-140, Taf. 1-6. 

|,- (1938): Die Lebewelt unserer Trias, p. 1-144, 1227 figs., Hohenlohe’sche 

Buchhandlung Ferdinand Rau, Öhringen, Nachtrag. 

ITEFANOV, A. (1942): Die Fauna aus der Trias von Golo-Bardo in S. W. Bulgarien. 3. 
Lamellibranchiata. - “Proyectos geologicos” 14, (1), 1-11, Sofia. 

YKES, J. M. & Simon, O. J. (1979): A new colobodont fish from the Trias of Spain. - 

_ Mercelan Geologist. 7, 65-74. 

TayLor, J. D., KENNEDY, W. J. & Hatt, A. (1969): The shell structure and mineralogy of 

| the Bivalvia. Introduction. Nuculacea-Trigonacea. - Bull. Brit. Mus. (Nat. Hist.) 

Zoology supp. 3. 1-125, Lams. 1-29. 

Yircii, C. (1958): El Triäsico de los Catalänides. - Bol. Inst. Geol. Min., 69, 1-831, 

Lams. 1-17. 

YisscHER, H., SCHURRMAN, W. & Van Erve, A. (1980): Aspects of a palynological charac- 
terization of the Late Triassic and Early Jurassic “Standard” units of chronostrati- 

graphical classification in Europe. - IVth International Palynological Conference. 

| Lucknow (1976-77) 2: 281-287. 


TEN, C. H. (1830): Die Versteinerungen Wiirttembergs. 1-102, Taf. 1-72, Stuttgart. 


Bei der Tübinger Schriftleitung eingegangen am 8. Mai 1985. 


Anschrift der Verfasser: 
\. Marquzz-Auıaca, Dept. of Geology, Faculty of Biology, University of Valencia, 
Valencia, Spain; F. Hirscu, Geological Survey of Israel, Malkhe Yisrael St. 30, 
15501 Jerusalem, Israel; A. Lopez-Garriwo, C. S. I. C., Dept. of Stratigraphy, Faculty of 
| Geology, University of Granada, Granada, Spain. 


6 N. Jb. Geol. u. Paläont. Abh. Bd. 173 


i 


it 


| 


N Jb. Geol. Paläont. Abh. | 173 | 2 | 229-251 | Stuttgart, September 1986 


evonian Chitinozoans from Northwestern Argentina 


By 


Wolfgang Volkheimer, Mendoza, Daniel L. Melendi, La Plata, 


and Armando Salas, Florencio Varela 


With 9 figures and 5 tables in the text 


} LKHEIMER, W., Merenpi, D. L. & Saras, A. (1986): Devonian Chitinozoans from 
jorthwestern Argentina. - N. Jb. Geol. Paläont. Abh. 173: 229-251; Stuttgart. 


F which four are new. Three zones can be distinguished within the Lower Devonian 
nd one within the Middle Devonian. During the Emsian, strong paleobiogeographic 
ations exist with the Parana Basin (Brazil), whereas relations are stronger with North 
imerica during part of the Middle Devonian. 


Eich Chitinozoans assemblages described from boreholes contain twelve species 
! 


{ey words: Chitinozoans, Devonian, Argentina, Systematics, Stratigraphy, Palyno- 
pnes, Paleobiogeography, new taxa. 


usammenfassung: Chitinozoen-Vergesellschaftungen, die aus Bohrungen beschrieben 
jerden, enthalten zwölf Arten, von welchen vier neu sind. Das Untere Devon kann in 
frei Zonen unterteilt werden, während im Mittleren Devon nur eine Zone ausge- 
-hieden wird. Während des Ems bestehen starke paläobiogeographische Beziehungen 
lam Paranä-Becken in Brasilien, jedoch während eines Teiles des mittleren Devons fällt 


fe Ähnlichkeit mit nordamerikanischen Vergesellschaftungen auf. 


| 
| 

| 
| 


Introduction 


From the subsurface of the Salta province, several associations of chitino- 
bans from three boreholes of Yacimientos Petroliferos Fiscales (YPF) 
irgentina, have been studied: 


MES tmhox sl 2Wamos 

YPF S. To - 1: Tonono 

| YPF S. Pet. x - 1: Puesto El Tigre (Fig. 1) 
| 


Most of the Chitinozoans have been obtained from dark, gray, more or 
ss sandy and/or micaceous shales. These are highly carbonized in the strati- 
aphically lowermost levels, and moderately carbonized in higher levels. 

An outline of the geology of northwestern Argentina is given in 
.CENOLAZA & ToserLı (1981). Other geological information can be found in 


MiNGRAMM et al. 1979. 
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Stratigraphic Position 


General columnar profiles of boreholes Ramos, Tonono and Puesto EI 
igre are given in Fig. 2. They also show the stratigraphic position of the 
amples. 

Table 1 gives lithological information, formational names, state of preser- 
vation and kind of samples for the chitinozoan assemblages studied. 

Table 2 summarizes the stratigraphy of the area, showing lithology, geolo- 
ical processes and thicknesses which characterize the formations studied. 
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ig. 2. General columnar profiles of boreholes Ramos, Tonono and Puesto El Tigre. 
The stratigraphical position of the chitinozoans bearing samples is indicated. A, B, C, 
refer to the stratigraphical distribution of Chitinozoan Assemblages mentioned in 


"able 4. 
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Table 1. Stratigraphic position and lithology of the levels bearing chitinozoans studied 
(compare data with Fig. 2). All samples have Devonian age. Sample C-264 (Tonono | | 
Fm.) is a core. All other samples are cuttings. Samples C-264. 267, 269 and 270 are } 
from Tonono Fm.; borehole S. To-1 the first and borehole St.R.X-12, Ramos the latter 
ones. All other samples are from Puesto El Tigre Fm., borehole S.PET.X-1-Puesto El | 


Tigre. 
8 Sample Nr. relative position preservation _ lithology 
= of samples in 
3 S.PET.X-1 
: C-264 well shale, micaceous, dark grey 
i C-267 - tolerable shale, micaceous, dark grey 
2 C-269 well shale, micaceous, dark grey 
i=] 
C-270 tol. shale, micaceous, dark grey 
C-271 0 bad. shale, sandy, micaceous, blackish grey | 
C-272 50 tol. shale, sandy, micaceous, blackish grey | 
C-273 100 well shale, sandy, micaceous, blackish grey | 
C-274 250 well sandstone, fine and shale, dark grey | 
C-275 400 well shale, micaceous, sandy, blackish grey.) 
C-386 550 tol. sandstone, middle gr. and sandy shale, 
blackish grey, interbedded | 
C-387 600 tol. shale, sandy, blackish grey, with inter- 
bedded fine gr. sandstone 
C-388 650 tol. sandstone, middle gr., silicified and 
shale, sandy, micaceous, blackish grey 
& C-389 730 tol. shale, sandy, micaceous, blackish grey 1 
z with interbedded fine gr. sandstone i 
x C-390 750 tol. sandstone, fine gr, interbedded with 
9 shale, sandy, micaceous, grey-blackish 
2 C-276 976 well sandstone, quartzitic, interbedded with J 
shale, sandy micaceous, blackish grey, 
C-277 1000 well shale, sandy, micaceous, interbedded 
with sandstone, fine gr. grey 
C-278 1002 tol. shale, sandy, micaceous, interbedded 
with sandstone, fine gr., grey 
C-280 1080 bad shale, sandy, micaceous, blackish grey 
C-282 1120 bad shale, sandy, micaceous, blackish grey 
C-283 111772 bad shale, sandy, micaceous, grey 
C-284 1190 bad shale, sandy, micaceous, grey 


Materials and Methods 


Samples have been processed by standard HF - HCI extraction 
techniques. Sieving (50 um) was performed in a sodium-hexametaphosphate‘ 
medium, 0,3% (for dispersal). Single specimens were mounted in glycerin | 
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ih DD, Stratigraphy of the area studied (boreholes Ramos, Tonono and Puesto El 
Tigre. - Lithology, geological processes and thicknesses of the formations are summa- 
rized. 


VE _ 


IChronology Formations Lithology Processes Thickness 
ICarboni- Tupambi Sandstones, continental 250 m 
Iferous conglomerates sedimentation 

diamictites, 


black siltstones 


unconformity tectonical movement 
| Shales, darkgrey to 
|Devonian black, micaceous. In 
Tonono the upper part ortho- 
quartzitic sandstones 
Michicola Quartzites marine 
dark shales 1800 m 
Puesto sandstones sedimentation 
El (middle part), lower 
Tigre shales, partly dark 


green, partly with 
interbedded sandstones 


jelly for light microscopy. Well preserved specimens were metallized on a 
piece of coverglass for SEM. 

The specimens were studied under an Olympus BH and Leitz Dialux 20 
‘microscope; on the latter, a Wild Photoautomat MPS 55 was mounted. Some 
specimens were studied under a JEOL JSM - U3 SEM. 

All Co-ordinates refer to the Olympus BH microscope. 


| The material studied (slides) is housed in the paleopalynothéque of the “Division 
\Paleobotänica (BAPB)”, Museo Argentino de Ciencias Naturales “B. Rivadavia”, 
Avenida Angel Gallardo 470, 1405 Buenos Aires, Argentina. 


Systematic List of Species identified 


Comments on the usage and distinction of taxa referred to in the text 
and listed on Table 3: 
The species and genera present have been accommodated in the subfa- 
‘ilies and orders adopted by Paris, 1981. 
Most of the material here described as Ancyrochitina Eısenack 1955, 
would also fit in Cladochitina Lange 1967. Nevertheless we feel that Clado- 
chitina is a junior synonym of Ancyrochitina (see: Systematics, A. parist: 
Observations). 

The difference between Sphaerochitina and Angochitina is exclusively 
based on the length of ornament. In our material we assigned forms with 
ornament higher than 1/10 of overall length of the vesicle to Angochitina; 
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Table 3. List of taxa present in boreholes Ramos, Tonono and Puesto El Tigre. The | 
stratigraphical distribution of every species present in Salta boreholes is indicated. | 
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Family Subfamily Genus Species Formation Probal| 
(Salta) age (Si) 
Desmochi-  Margachitininae Linochitina sp. Pto. El Tigre L. Dey 
tinidae Paris 1981 Eısenack 1968 
E ; 
FS eat Cingulochitina sp. A Pto. El Tigre "LBS 
Paris 1981 Paris 1981 (lower part) 
Pterochitininae striata n. sp. Pto. El Tigre L. Des) 
Paris 1981 (lower part) 
Hoegisphaera sp. Pto. El Tigre L. Dei] 
Starıın 1961 emend. (upper part) 
URBAN 1972 
Lageno Ancyrochitina parisi n.sp. Pto. El Tigre L. Dex 
chitinidae Eisenack 1955 (upper part) 
EISENACK eT ; 
1931 emend. Ancyrochitininae sp. Pto. El Tigre L. Dex} 
Paris 1981 Paris 1981 (upper part) 
Ramochitina magnifica Pto. El Tigre L. Dew 
SOMMER & VAN Lance 1967 (upper part) 
Borker 1964 
Sphaerochitina densibaculata Pto. El Tigre L. Dev 
Eisenack 1955 n. Sp. (lower part) 
Angochitininae pilosa C. & S. Tonono M. De 
Parıs 1981 
cf. schwalbi Tonono M. De 
Cm scrS: 
Angochitina sp. Pto. El Tigre L. Dey 
Eisenack 1931 (lower part) 
Gotlandochitina Sp. Tonono M. De 
LauFELD 1974 3 
Urochitininae Urochitina loboi n.sp. Pto. El Tigre L. Dev 
Paris 1981 TAUGOURDEAU & (lower part) | 


JexHowsky 1960 


those with ornament lower than 1/10 of overall length, to Sphaerochitina. 
Both genera are separated only by a quantitative feature of gradational 
character. We think this is not the best manner for distinguishing genera, but 
we prefer, for the moment, not to innovate. 

We use Gotlandochitina for Angochitininae with an ornamentation of 
hollow spines attached to the vesicle in longitudinal rows (LAUFELD 1974). 
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For every new species we chose a holotype, but we also use in every case 
a type series which expresses better the intraspecific variability (Fig. 6, 11, 13, 
114, 15, 16 for Urochitina loboi n. sp., or Ancyrochitina parisi n. sp. on the 
same plate, Fig. 1-4). Every member of a type series (“paratypes”) has been 
selected strictly from the same stratigraphic level and corresponds conse- 
iquently to the same moment of the geological history. 


Family Desmochitininae Eısenack 1931 emend. Paris 1981 
Subfamily Pterochitininae Paris 1981 
Genus Cingulochitina Paris 198i 


Type species: Desmochitina cingulata Eısenack 1937. - Paris (1981) created this 
genus for accommodating Pterochitininae with ovoid to conical shape and a basal 
(cingulum. 


Cingulochitina sp. A 
igk sere rand 9/ 


Description: Cingulochitina species with slightly conical body, lower 
‘half more or less inflate. Shoulders, if present, only slightly insinuated. Basal 
‚edge acute, with a narrow cingulum. Base more or less convex. Outer wall 
ssurface scabrate. 


Dimensions: Length 78-95-110 um (25 specimens measured). Maximal width: 
‘71-85-99 u. Oral diameter: the state of preservation does not allow to obtain reliable 
Imeasurements. 
| Principal material studied: C283d: 45.3/112.4, 44.6/111.1, 45.8/109.1, 30.0/ 
‚106.2, 34.4/101.4, 46.3/100.6, 41.4/98.0. 
IEr@233c<: 35:9/106.7, 29.7/98.3, 24.8/111.9. 
— -C284a: 26.7/109.6, 26.9/109.5, 33.9/104.2. 

C284c: 27.3/109.4, 41.2/105.5, 32.0/105.3 BAPB. 


Observations: Due to the high degree of carbonization no collar has 
been observed. Strongly corroded specimens may lack a cingulum. Only in a 
few specimens a short copula (somewhat “evase”) could be observed. No 
operculum visible. Most vesicles are present as single specimens; only a few 
chains with up to three vesicles have been observed. 

_ Comparisons: The most closely related species is Cingulochitina 
striata n. sp. (This paper), from which sp. A only differs by the absence of 
the horizontal striae characterizing sp. B. 

Distribution: C-277, C-280, C-282, C-283, C-284. 


Cingulochitina striata n. sp. 
Fig. 5, Nr. 2-5 


Holotype: SEM 7191 BAPB; Fig. 5, Nr. 2 Taco Nr. 110. 
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Derivatio nominis: The presence of horizontal striae on the vesicle. 

Diagnosis: Cingulochitina species with slightly conical body, lower half more or | 
less inflate. Shoulders, if present, only slightly insinuated. Basal edge acute, with a || 
narrow cingulum. Base more or less convex. Outer wall surface with parallel, > 
horizontal striae (perpendicular to the longitudinal axis of the vesicle). Striae 1-1,5 pm 
broad. Separation between striae 0.5-4 um. Elevation of striae (muri) less than 1 and 
well observable in optical section. 

Dimensions: length: 84-98-117 u (25 specimens measured); maximal width: 70- 
87-104 p; 

oral diameter: the state of preservation does not allow to obtain reliable measure- } 


ments. 

Principal material studied: C277a: 37.8/111, C277 d3 Po /Miss 

C277 ce 311/107, 23.8/105.4, 24.2/103.6, 22.2/101.2, 41.5/98.2, 41.5/97.8, 23720 
97.1, 31.5/94.7, 33.0/95, 37/94.7, 41.5/98.2 BAPB. 


Observations: In some specimens striae are distributed over all the 
vesicle. Other specimens are only partially covered by striae, possibly due to | 
corrosion processes. j 

Evolutionary aspects: Cingulochitina sp. A (= forms without striae) is 
present from sample C-283 on at several levels of boreholes S PET x 1 
(Puesto El Tigre). Cingulochitina striata (forms with striae) was only observed | 
in sample C-277 (see Fig. 2), together with Cingulochitina sp. A. It seems ' 
possible that C. striata is derived from sp. A by geographical speciation. 

Distribution: C-277. 


Family Lagenochitinidae (Eısenack 1931) emend. Paris 1981 
Subfamily Ancyrochitininae Paris 1981 
Genus Ancyrochitina Etsenack 1955 


Type species: Conochitina ancyrea Eisenack 1931 


Ancyrochitina parisi n. sp. 
Fig. 6, Nr. 1-6. 


Holotype: Slide C 272c 35.2/95.0 BAPB; Fig. 6, Nr. 1. 

Derivatio nominis: Homage to Dr. Florentin Paris, who improved modern 4 
chitinozoan systematics. 

Diagnosis: Ancyrochitina species with conical body and cylindrical neck. Length 
of neck 1/3-1/2 of total length. Transition from neck to body generally soft. Collar 
straight or somewhat evase. Flanks projecting to a slightly convex base. Basal margin 
rounded, but clearly marked. Frequently a constriction immediately above the basal 
margin can be observed (Fig. 6, Nr. 1). On the basal edge, four to six (or more ?) 
robust, simple or bifurcate processes are present. They reach about 1/19 of the total | 
length of the vesicle. - On the neck, most specimens bear similar, but more slender 
processes. 

Dimensions: Total length: 319-269.5-237 p (27 specimens measured); width of 
chamber: 91-108.3-130 1; width of neck: 42-48.2-53 u; length of basal processes: 
44-52-72 1; length of neck processes: 41-52-70 yp. 
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Principal material studied: C 272c 35.9/97.6; 35.2/95.1; 34. 0/98.8; 35.0/96.2; 
WC 272 34.6/104.1; 34.4/105.4; C 274 a 27.5/104.6; 26.4/105.1; 36.6/100.0: 34. 3/109.7; 
137.6/101.4; 34.7/102.6; © 274€ 32.4/104.2; 32.1/102.5; 32.0/103.2; 32.4/103.7; C 274b 
133.7/108.5; 34.9/106.1; 37.5/103.3; 36.6/102.7; 34.8/104.7 BA PB. 


Comparisons: Cladochitina biconstricta LANGE 1949 shows the same 
|morphological characters, but the typical upper constriction is absent in our 
imaterial. As in Cladochitina biconstricta (Lance 1949, Plate VIII, Fig. 5), two 
| processes are sometimes distally joined also in oun material; 
between both processes a hyalin membrane may extend (Fig. 6, 2). 

| Cladochitina varispinosa Lance 1967 has larger and more slender 
processes. Ancyrochitina sp. 1 and 2 from the Devonian of Malvinas Islands 
\(CraMER & Diez 1972) have only been illustrated and do not show a close 
‘similarity to our material. 

Observations: The only difference between the genera Ancyrochitina 
[ZISENACK 1955 and Cladochitina Lance 1967 is of a quantitative nature 
\(length of the neck). 

Ancyrochitina has a neck of 1/2 to 2/3 of total vesicle length; Clado- 
‚chitina 1/3 to 1/2 (Lance 1967, P. 76). Thus the specimens with a neck 
‘comprising half of the overall length would belong to one or the other 
(genus. 

We feel that the length of the neck is not sufficient reason for distin- 
guishing two genera. Thus we assign our material to Ancyrochitina EISENACK 
11955 and consider Cladochitina Lange 1968 as a junior synonym. 
Distribution: C-272, 273, 274, scarce specimens in C-275. 


Genus Ramochitina SOMMER & VAN BoEckEL 1964 


Type species: Ramochitina ramosi SOMMER & VAN BOECKEL 1964. 


Ramochitina magnifica LANGE 1967 
Fig. 6, Nr. 7-10 


Lange (1967) gives the following summarized diagnosis of this species: A 
species of Ramochitina characterized by its large size, ovate “chamber, and by 
well developed appendages”. 

Our material fits perfectly to this description. 

Description: Vesicle cylindro-ovoidal. Chamber I, to */3 of total 
length. Base rounded. Soft flexure at the transition from the chamber to the 
cylindrical neck. Well developed appendages whose length ranges from 1/2 
to 1/3 of maximum chamber diameter. On well preserved specimens, appen- 
dages may cover the whole vesicle. 

Most appendages are branched, but a few are simply pointed; they may 
be slender or thickened; in some cases they are flattened. Generally appen- 
dages of larger sizes are on the chamber and smaller ones on the neck. 
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Dimensions: Total length: 210-258-309 u (20 specimens measured). Maximum with 
of chamber: 91-106-135 p. Width of neck: 42-49-62 u. 

Principal material studied: C-275a 36.1/105.5; 34.9/105.0; 34.8/103.3; C- 
275b 36.1/105.1; 41.1/106.8; 39.7/105.6 BAPB. 


Observations: LANGE (1967) illustrates a few specimens with coalescent | 
processes (Fig. 50) or with very broad appendages (Figs. 44-45). | 
Our material does not contain those forms. - The overall length of | 
Lange’s original material ranges from 255 to 380 um; our material from 210 | 
to 309 u. | 
Distribution: C-275. One specimen found in C-387 may be a conta- } 
mination. (Cutting !). 


Genus Sphaerochitina EISENACK 1955 


Type species: Lagenochitina sphaerocephala Eısenack 1932. 


Sphaerochitina densibaculata n. sp. 
Fig. 8, Nr. 1-4 


Holotype: SEM 7186, Taco Nr. 111 BAPB. C-277. Fig. 8, Nr. 1, 180 um. 

Diagnosis: Sphaerochitina species with ovoid to subsphaerical chamber. Cylindric | 
neck, sometimes widened towards the aperture. 

The entire vesicle is uniformly and closely crowded by baculae. 

Dimensions: Total length: 146-173-202 (25 specimens measured); Maximum 
diameter: 76-84-96 u; Smallest width of the neck: 31-45-67 u; Width of aperture: 35- 
47-57 u; Maximum height of ornamentation: 2 u; Maximum diameter of ornamen- 
tation: 1.8 u; Density of ornamentation: in some cases the distance between baculae 
allows to put another element between two neighboured baculae, but generally the 
distance between baculae is smaller. 

Principal material studied: C-277b: 41.1/112.2; 29.1/110.6; C-277c: 33.5/ 
109.2; 38.9/106.6; 38.6/102.3; 39.2/98.7; 37.3/94.2; C-277 e: 32.7/104.0; 30.6/100.6; 
33.0/100.7; 36.3/99.0; 35.2/99.3; 34.4/98.0; 35.8/97.8; C-283c: 31.0/107.7 BA PB. 


Observations: Preservation of most specimens is poor. 

Comparisons: Sphaerochitina sphaerocephala has a longer neck, smaller 
size and smaller verrucose ornament. 

S. lycoperoides is minor in size and is ornamented by small verrucae, 
granules and spines. The chamber is globose. 

Distribution: \C=276.277,° 278.9280, 282083" 


Sphaerochitina pilosa CoLLinson & Scott 1958 
late Thy Nis I, 2, 3,5, Wyo 


Description: Sphaerochitina species with conical chamber, cylindrical 
neck, collar often slightly evasé and gently rounded base. Flexure soft. Wall 
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ore or less uniformly covered with short spines. Between spines there is 
ufficient space for placing one - or sometimes several - spines. 


Dimensions: Total length: 130-164-200 u (25 specimens measured); maximum 
Hiameter: 91-99-114 u; smallest width of the neck: 36-44.5-55 u; width of aperture: 
B8-49-56 u; maximum height of ornamentation: 8 1; maximum diameter of ornamen- 
‘ation: 3 pn. 

Principal material studied: C-264 fl: 36.4/106.5; 38.8/108.2; 40.0/107.6; 42.1/ 
108.1; 104.9/43.5; 41.8/106; 43.1/107.2; 45.1/104.4; 39.8/112.2; 42.3/108.2; C-264 IR: 
P9.5/105.3; 28.5/104.1; 32.6/105.4; C-267 d: 32.4/105.2; C-267 iPP: 42.5/108.6; 30.0/ 
110.1; 41.0/97.0; C-269 PPı: 41.7/105.7; C-269 PP»: 32.4/103.4; 34.2/104.8 BA PB. 


Observations: Due to folding in some specimens the base appears 
hearly flat. 

Comparisons: Angochitina echinata Eısenack is similar in general 
morphology and size, but the vesicle wall is granulated between the spines 
snd the spines are generally somewhat longer. - Angochitina monresi LANGE 
s similar in size, but exhibits a chamber in the shape of a globe or elongated 
bulb. Some of the spines of A. mourai terminate in a bifurcation, a feature 
ever observed in our material, which has shorter spines. 


Genus Gotlandochitina LaureLpd 1974 


Type species: Gotlandochitina martinssoni LaureLp 1974 


Gotlandochitina sp. 
Fig. 7, Nr. 4 


_ Description: Gotlandochitina species. Chamber globose; neck subcy- 
lindric and evasé. Flexure soft. Vesicle covered with short spines which on 
the neck and the upper part of the chamber are attached to the vesicle in 


more or less longitudinal rows. 


Dimensions: Total length: 119 (1 specimen measured); maximum diameter: 61 
; smaller width of neck: 36 u; width of aperture: 44 u; maximum height of ornamen- 
ation: 4 u; maximum diameter of ornamentation: 2 u; separation between rows: more 
or less 5 u; density of ornamentation: distance between two spines within the same row 


is variable. 
Material studied: SEM 2257 BAPB. Taco Nr. Ll. 


Comparisons: Our specimens differ from other species of Gotlando- 
hitina published in general form, having no conspicuous flexure. A 
ommon feature with other species of Gotlandochitina is the ornamentation 
of spines attached to the vesicle in longitudinal rows. 

IE Distribution: .C-277. 
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Subfamily Urochitininae Paris 1981 


Genus Urochitina TAUGOURDEAU & JEKHOWSKY 1960 


Type species: Urochitina simplex TAUGOURDEAU & JEKHOWSKy 1960. 


Urochitina loboi n. sp. 
Fig. 3, 4, 6, Nr. 11-16 


Holotype: Fig. 6, Nr. 16; total length including prosoma: 280 u, max. width 59 p. 
Slide C-277f 38.7/103.6 BA PB. 

Derivatio nominis: Homage to Jorge Lobo Bonera, pioneer of Bolivian Lower 
Paleozoic palynology. 

Diagnosis: Vesicle cylindro-ovoidal elongate; wall apparently smooth. Neck 
cylindric, expanding gently towards the aperture. Length of neck from !/s to '/3 of total 
length. Collar sometimes with hairs or spines. Transition from chamber to neck 


generally soft. Chamber little inflate. Maximum width of chamber more or less at the - 
center. - At the aboral pole a basal apparatus, which is an aboral prolongation of | 
the periderre. (This means that it is-not communicated with the interior of the, 


chamber). The basal apparatus is composed of a proximal membranaceous funnel, 
which extends into a basal process (Fig. 3-4). 

On well-preserved specimens, the basal process, which may be cylindrical ont 
conical, is closely covered with hairs or spines. 


MEMBRANACEOUS 
FUNNEL 


| 

| BASAL 
APPARATUS 
| 


BASAL PROCESS 


Fig. 3. Scheme of the Basal Apparatus in Urochitina loboi n. sp. 
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| Dimensions: Total length: 200-246.4-283 u (26 specimens measured); maximum 


vidth of chamber: 44-54.6-62 pw; width of neck: 26-30.2-44.3 pw; length of basal 
pparatus: 33.5-47.3-75 u; length of membranaceous funnel: 10.4-15.7-20.8 um; 

maximum width of membranaceous funnel: 18-20.1-28.1 uw; length of basal 
tocess: 22-34.1-62 u; maximum width of basal process: 5.2-8.8-15 u; length of hairs 


n basal process: 1.5-6.13-10.4 u; length of hairs on collar: 2-5.6-11 LL. 


Rig. 4. Variability of the Basal Apparatus in Urochitina loboi n. sp. 


Observations: In well-preserved specimens the membranaceous funnel 
ran be hyaline (Fig. 6, 13). The intraspecific variability is shown by the 
specimens on Fig. 6, Nr. 11-16 and Text-fig. 4. A big variability of the 
‘elation between length of neck and total length of the vesicle can be 
observed. There is also a notable variability in form and size of the basal 


process. - Only in few specimens a prosome was observed (Fig. 6, 16). 


Our specimens are always present as individuals. Natural aggregates 
similar to those of Urochitina simplex, illustrated by Wrona (1980, p. 150), 
could never be observed. This may be due to transport of our material. 


Principal material studied: C-276a: 37.9/103.2; 37.4/103.2; C-277 a: 41.7/ 
10.7; 37.2/101.0; 43.2/11.8; C-277 d: 31.3/105.8; 32.9/103.4; 32.4/107.2; 33.6/105.2; 
2.6/107.8; C-277 e: 34.1/102.1; C-284c: 28.2/110.8 BA PB. 


- Comparisons: None of the species of Urochitina, described up to this 
noment, is closely comparable to Urochitina loboi n. sp.. There is a certain 
ffinity with Urochitina simplex TAUGOURDEAU & JekHowsky, which does not 
yossess, however, a membranaceous funnel, nor an ornamented basal 
»rocess. : 

‚ic. Jorge Lobo Bonera from YPFB was so kind to show to one of us 
vell-preserved Bolivian material identical with our specimens. 

Distribution: C-276, 277, 278, 280, 283, 283. 
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Fig. 5. 1: Cingulochitina sp. A, 88 H, SEM 7188. C-276. 2, 3, 4 and 5: Cingulochitina 
striata n. sp. 


2: 83 u, SEM 7191, 6-276. Holotype. 
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Stratigraphic Value of Chitinozoans studied 


| 1. Species previously recorded. - Species present in our material 


nd previously recorded from other regions are represented in Table 4. 
| 


|| 
table 4. Species of chitinozoans from Salta with previous records in other regions. 


I 
| 
h 
| 


ipecies previous register this paper 
| locality age authors (Fm.) 

| 

\phaerochitina pilosa Illinois Upper COLLINSON 

VOLLINSON & SCOTT Iowa Middle & Scotr 1958 Tonono 
1958 Devon. URBAN 1972 

| 

ne schwalbi Upper COLLINSON 

‘OLLINSON & SCOTT Illinois Middle & Scotr 1958 Tonono 
1958 Devon. (cf.) 
kamochitina magnifica Brazil L. Devon. Puesto El 
‚ANGE 1957 (Paranä B.) (Ems.) Lance 1967 Tigre 


I 
‚ Sphaerochitina pilosa, recorded from the Middle Devonian Cedar Valley 
Fm., Illinois and Iowa, is the dominant form of our Assemblage D (Table 5). 
in the same assemblage there occurs one specimen of Sphaerochitina cf. 
chwalbi, another form described from the Cedar Valley Fm.. A possible 
Middle Devonian age of Assemblage D is thus indicated. 

_ Ramochitina magnifica is by far the most frequent species in our 
Assemblage B. In the Paranda Basin (Brazil) this species is restricted to the 
(owermost part of the Jaguariaiva Member of Ponta Grossa Fm., dated as 
upper Emsian. Thus our Assemblage B is probably upper Emsian too (Fig. 9). 
_ 2. Species without previous record. - Ancyrochitina parisi n. sp. is 
he most frequent form of Assemblage C. It is similar to, but not identical 
with Cladochitina biconstricta LANGE, a guide form of the upper part of 
aguariaiva Member (uppermost Lower Devonian) of Ponta Grossa Fm., 
Parana Basin. Strata with A. parisi are lying immediately above those with 
Ramochitina magnifica; thus they possibly represent the uppermost Lower 
Devonian too. 


| 


3: 83 u, SEM 7189, C-276. Paratype. 

|: (detail of Fig. 3), SEM 7180, C-276. 

: 88 p (one of the specimens), SEM 7175, C-277. 

: Hoegisphaera sp., 126 u, SEM 7352. 

': Cingulochitina sp. A, 80 u (one of the specimens), SEM 7177, C-277. 


7 N. Jb. Geol. u. Paläont. Abh. Bd. 173 
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120 u 


11 


Fig. 6. (Legende see p. 245). 
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| Urochitina loboi, Cingulochitina striata and Sphaerochitina densibaculata 

onstitute a well characterized assemblage (Assemblage A). While the genera 
lobte and Sphaerochitina have wide ranges, the incoming of 
Vrochitina has never been observed in strata older than the Lower Devonian 
ee also Paris 1981, p. 101, Fig. 6). As the Assemblage A is found stratigra- 
hically below Assemblage B. of upper Emsian age, the probable age of 
assemblage A (Urochitina loboi, Cingulochitina striata, Sphaerochitina densi- 
culata) is Lower Devonian (pre-upper Emsian). 

3. Proposal of formal zones. - Due to the local character of a great 
juantity of the chitinozoans present, the small number of profiles available 
r comparison and correlation and the incomplete palynological register in 


| 


| 
“able 5. Palynological zonation based on assemblages of Devonian chitinozoans 


present in three boreholes of Salta (Argentina). 


a 


hssem- Name of Zone other species integrating probable Formation 
lage the assemblage age 

D Sphaerochitina Sphaerochitina sp., Middle Tonono 

| pilosa Sphaerochitina cf. Devonian 


Assemblage-zone schwalbi 
Gotlandochitina sp. 


— 


iy Ancyrochitina Ancyrochitina sp., a few Lower Puesto 
parist specimens similar to Devonian El 
Assemblage-zone Angochitina spinosa EISENACK Tigre 

k Ramochitina Hoegisphaera sp., a few Lower Puesto 

| magnifica specimens of Ancyrochitina Devonian El 

| local Range-zone parisi Tigre 

N Urochitina loboi Cingulochitina striata, Lower Puesto 

| Assemblage-zone Sphaerochitina densibaculata, Devonian El 

Cingulochitina sp. A, Tigre 
| Angochitina sp. (a species 
| bearing hairs), Linochitina sp. 


| 
| 
| 


tig. 6. 1-6 Ancyrochitina parisi n. sp. 


|: C-272 e: 35.2/95.0, Holotype. 996-275 iop XHVAOS 

: C-272c: 21.1/102.7, Paratype. 10: C-275 b: 39,7/105.6. 

: C-272c: 35.9/97.6, Paratype. 11-16: Urochitina loboi n. sp. 

1: C-272a: 36.9/104.9, Paratype. 11: C-277d: 33.0/107.3, Paratype. 
: C-273b: 37.4/101.0. 12: C-276a: 38.4/103.4. 

: C-273c: 19.6/101.6. \ 132 @277d: 32.7106.0. Paratype: 
'-10: Ramochitina magnifica LANGE. 14: C-277a: 42.2/111.2, Paratype. 
I: @> 2751: 37.0/.102.2. 15: C-277d: 33.3/103.5, Paratype. 


1: C-275a: 34.9/105.0. 16: C-277 fpp: 38.7/103.0, Holotype. 
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Fig. 7. 1, 2 and 3: Sphaerochitina pilosa CoLLINson & Scort. | 
1: 174 u, SEM 2251. 


2: 184 u, SEM 2253. 
3: 140 u, SEM 5966. 
4: Gotlandochitina sp., 119 fi, SEM 2257. 
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e profiles, it seems advisable to define, in most parts of the sequence 
tudied, for the moment only assemblage zones, as we do not have sufficient 
inowledge about the real ranges of the chitinozoans present and thus for 
efining range zones or concurrent range zones. 

On Table 5 the palynological contents and the relative position of the 
alynozones are indicated. 


Paleobiogeographic Aspects 


The paleobiogeographic relations of the Salta assemblages with those of 
ne Parana Basin during part of Emsian time are given in tables 4 and 6. The 
nost important element for paleobiogeographical relationship is 
‘amochitina magnifica LANGE, frequently present in both basins. - During 
art of the Middle Devonian, relations with North America (Cedar Valley 
m., Iowa and Illinois) seem to be stronger, due to the presence in Salta of 
ecies mentioned in Table 4 (Sphaerochitina pilosa, Sphaerochitina cf. 
thwalbi). 

Nevertheless it must be emphasized that the coverage of Devonian 
‚eposits on both hemispheres with systematic studies on chitinozoans is so 
complete that any paleobiogeographic conclusion at this moment must be 
reliminary. 


Conclusions 


| 1. From the Tonono and Puesto El Tigre formations (subsurface, Salta 
frovince, Argentina) well-preserved assemblages of Devonian chitinozoans 
jould be recovered. 

2. The presence of this group of microfossils indicates a marine origin for 
Ihe formations mentioned. 
_ 3. Four of the more than 13 species identified are here proposed as new 
pecies. 
| 4. The material present in the three boreholes studied allows to recognize 
ur chitinozoans assemblages of different age, represented on Table 5. 
5. The probable age indicated by the presence of the taxa of chitinozoans 
IE onen, is Lower Devonian for the Puesto El Tigre Formation and 
Middle Devonian for the upper levels of the Tonono Formation, studied in 
he boreholes Ramos, Tonono and Puesto El Tigre. 


| 


: Sphaerochitina sp., 178 yp, SEM’ 7369. 
7: Sphaerochitina pilosa COLLINSON & Scor) 163, SEM 7361. 
: Sphaerochitina cf. schwalbi Coıuinson & Scott, 122 u, SEM 7373. 


Sphaerochitina pilosa COLLINSON & Scott, 151 u, SEM 4570. 
D 
7 
3 
): Sphaerochitina pilosa CoıLinson & Scott, 183 p, SEM 7366. 
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SALTA PARANA 


Palynozones (Lange, 1967) 


Angochitina 
mourai 


Sphaerochitina pilosa 


Domingos 


devonica 


Ancyrochitina 
Sao 


GERZOZSESEN 


M. DEVONIAN 


Angochitina cf. A.capillata 
Ramochitina ramosi 


Varispinosa 


Ancyrochitina 
parisi 


Cladoch. [Cladochitina 


Ramochitina 
magnifica 


Jaguariaiva 


Urochitina loboi 


L. DEVONIAN 
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jis. 9. Attempt of palynological correlation between Salta (northwestern Argentina) 
‚and the Parana Basin (Brazil). For formational names in Salta compare with Table 5. 


| 


. 

Fig. 8. 1-4: Sphaerochitina densibaculata n. sp. 

1: SEM 7186, Holotype. 

‚2: SEM 1096. 

3: SEM 1097 (detail of specimen SEM 1096). 

4: SEM 7187 (detail of specimen SEM 7186, Holotype). 
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6. Four palynozones are proposed for the Devonian of the subsurface of 
Salta Province. The palynozones are based on the vertical distribution of 
chitinozoans (Table 5) 

D. Sphaerochitina pilosa Assemblage-zone 

C. Ancyrochitina parisi Assemblage-zone 

B. Ramochitina magnifica Local Range-zone 

A. Urochitina loboi Assemblage-zone 
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The Velascoensis Event: A significant Episode of 
Tectonic Activity in the Egyptian Paleogene 
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bTROUGO, A. (1986): The velascoensis event: a significant episode of tectonic activity in 
ihe Egyptian Paleogene. — N. Jb. Geol. Paläont. Abh. 173; 253-269; Stuttgart. 


‘Abstract: The time-interval corresponding to the planktonic foraminiferal zones P4 
and P5-P6a of the late Paleocene is marked by important changes of the depositional 
petting in a large number of sections from the Western Desert, the Gulf of Suez-Red 
pea area and the Nile Valley. These changes, named the “Velascoensis event”, are 
probably mainly controlled by syndepositional faulting and are in many places more 
Important than those caused by the Late Cretaceous tectonic movements. 


Key words: Paleocene, stratigraphy, tectonics; Egypt. 


Zusammenfassung: Die Zeitspanne, die den Zonen P4 und P5-P6a der plankto- 
nischen Foraminiferen entspricht, zeichnet sich in der Westlichen Wüste, im Gebiet des 
Golfes von Suez und des Roten Meeres sowie im Niltal durch bedeutende Verände- 
tungen der Ablagerungsbedingungen aus. Dieser Umbruch, der als „velascoensis event“ 
bezeichnet wird, ist an manchen Lokalitäten von größerer Wichtigkeit als die Folgen 
der spätkretazischen Bewegungen. 


| 
| Introduction 
| The statement that the geological history of the Egyptian Paleogene is 
dominated by events associated with the close of the Cretaceous is of long 
standing. That these events continued steadily or episodically into the 
Paleogene has been advocated also by many workers (OMARA, 1952; SHUKRI, 
1954; Sarp, 1962; HERMINA, 1968; Yousser & ABDEL Aziz, 1971). However, 
aside from the Late Cretaceous tectonism, evidence for which is pervasive, 
the timing of each superimposed event, its nature, and its impact on the 
regional depositional framework have been seldom documented, and then in 
vague terms only. This could have been the motive that led Sarzm (1976) to 
dismiss Paleocene and Eocene tectonic disturbances from his paleogeo- 
graphic reconstructions of northern Egypt and to consider that the 
sedimentary patterns displayed by rocks of these ages were chiefly controlled 
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by the paleorelief inherited from the Late Cretaceous tectonism. The intent 
of this paper is to bring together a large body of data scattered in the 
literature along with personal field observations under a unifying theme, 
herein called the velascoensis event whose sedimentary consequences are | 
primarily recorded in the Tarawan Chalk (Upper Paleocene) and its time 
correlatives. 

The term Tarawan Chalk designates a calcilutite unit that occupies | 
extensive tracts of country in the middle and southern latitudes of Egypt. It 
typically cuts across a thick sequence of predominately calcareous shales 
spanning the Late Cretaceous-basal Eocene time. A tripartite division of that — 
shale sequence is thus reached, the Tarawan forming a convenient marker 
horizon for distinguishing the subjacent Dakhla Shale from the superjacent | 
Esna Shale. During the past two decades a great deal more information has 
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Fig. 1. Location map. The stratigraphic sections discussed in this work are indicated by 
an asterisk. 
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e Egyptian Paleogene. It clearly appears today that the Tarawan is nearly a 


fe available on the biostratigraphy of this interval than any other of 
ontemporaneous deposit throughout its outcrop belt. In terms of planktonic 


foraminifera, its base falls within the Globorotalia pseudomenardii Zone 
while its top is commonly within the Globorotalia velascoensis Zone; that is, 
t overrides the P4-P5 Zones. The codified zones of Brow (1969) and 
BERGGREN & VAN COUVERING (1974) are adopted herein to avoid repetition 
rf lengthy formal names of zones; their correlation to Botu’s 1957 zonal 
icheme is after TouMARKINE (1983). 


Late Paleocene lithologic units and biostratigraphy 


Kharga Oasis 


_ Lying at the junction between two distinctive sedimentary complexes — 
he Nile Valley Facies and the Garra el Arbain Facies of Issawı (1972) — the 
<harga oasis (Fig. 1) has attracted the attention of many workers in recent 
rears (HERMINA, 1968; HERMINA & Issawı, 1971; Er Hinnawi et al., 1978; Ex 
DEFTAR et al., 1978; Faris, 1982; Hewarpy, 1983; EBEip, 1984; HENDRIKS et 
I, 1984). 
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Fig. 2. Correlation of the Kharga stratigraphic sections. 


At Nagb Assiut, where the descent into the depression begins, the biggest 
hiatus across the Upper Cretaceous-Tertiary boundary is recorded (Fig. 2a). 
The oldest Paleocene is the P4 Zone which encompasses the top Dakhla 
Shale, the Tarawan Chalk, and the basal Esna Shale (Hewarpy, 1983). Two 
‘eatures should not go unrecorded in this section. The first is the occurrence 
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of stringers of benthonic foraminiferal packstones in the middle part of the 
Dakhla Shale associated with a large number of small shells of Pycnodonte | 
vesicularis. These stringers, a few centimeters to 20 cm thick, are extensively 
burrowed. The second is an equally burrowed bioclastic limestone incorpo- | 
rated at the base of the Tarawan and made up of rolled pebble- to cobble- 
size bioclasts including corals, sponges along with compact masses of 
teredinid bivalves (Fig. 3). The latter horizon is of widespread occurrence in 


rd 


a » 
EEE. 


Fig. 3. Bioclastic gravels and burrows (B) at the base of the Tarawan Chalk, Nagb | 
Assiut. 


the Western Desert oases. It has been traced between Kharga and Baris where 
it would indicate a minor hiatus (HENpDRIks et al., 1984), and in the Dakhla- 
Farafra expanse (see below). 

The Paleocene is more complete at Ain Amur (Fig. 2c). Its lower part 
would be Plc according to Hewarpy (1983), P2 according to Faris (1982). 
Both authors place, however, the Garra Formation (respectively called Abu 
Tartur Formation and Tarawan Chalk) in the P4 Zone. The Garra Formation 
is made up of biocalcarenites lying with sharp contact on the Dakhla Shale. 
Several thin horizons with reworked limestone nodules (initially 
hardgrounds) are intercalated in the sequence (Fig. 4). In one instance I 
found a 0.50 m thick vermetid bank overlying one of these limestone 
conglomerate bands. The Garra ends with small patch reefs scattered on top 
of the eastern scarp of the Abu Tartur Plateau. 


| Tectonic Activity in the Egyptian Paleogene 230, 


~e, 


At Gebel Ter and Gebel Tarawan (Fig. 2b), the Tarawan Chalk mostly 
ifalls within the P4 Zone (Hewarpy, 1983) and attains a remarkable thickness 
(45 m). The contact of the P4 Zone with the underlying P3 Zone is very 
irregular and marked by a thin sheet of green, highly glauconitic marl with 
reworked bioclasts (Fig. 5). 


Dakhla and Farafra oases 


In the Kharga-Dakhla divide (Abu Tartur Plateau) the Paleocene offers an 
exceptional display of rock types collectively known as the Garra el Arbain 
Facies (Issawı, 1972). Similar rocks, exposed along the Dakhla-West 
Mawhoob scarp, have been designated the Kharafish Formation by Eseın 
(1984). The Kharafish refers to a carbonatic sequence made up of detrital — 
calcarenitic to occasionally calciruditic — limestones overlying the Dakhla 
Shale with sharp contact. At west Mawhoob (Fig. 6 d), the oldest Paleocene is 
reported to be P2, while the carbonatic cover is correlated to P4 through P6a 
(Epgip, 1984). 

At Edmonstone, “the passage of the Dakhla Shale into the Tarawan 
Chalk is marked by coarse clastic (conglomeratic) carbonate deposits. Sub- 
rounded to sub-angular red or yellowish red fragments form an important 
constituent of this conglomeratic limestone” (Grorisika, 1966/1967: 31). 

To the northwest, around the Abu Mungar depression, the Dakhla Shale 
with P3 planktonic Foraminifera is succeeded upward by a very peculiar 
facies consisting of masses of vermetid fragments embedded in sandy marls. 
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Fig. 5. Irregular contact between the P3 Zone (dark portion below hammer) and the P4 | 
Zone (upper light portion), Gebel Ter. 


BARTHEL & HERRMANN-DEGEN (1981) call this unit the “Vermetid debris facies’ 
and correlate it to an adjoining crumbly limestone with birdseye fabric, 
fragments of stromatolitic crust and other biogenic elements suggestive of 
intertidal settings. According to BARTHEL & HERRMANN-DEGEN this facies 
passes northwestward underneath the Tarawan Chalk. Most likely it is to be 
correlated to the P4 Zone and to the vermetid limestone already reported at 
Ain Amur. 

Within the Farafra depression (Gunnet el Bahariya section, Fig. 6c) the 
typical facies of the Tarawan Chalk is resumed. But here, as at Nagb Assiut, 
the base of the unit is piped by callianassid burrows and riddled with water- 
worn bioclasts composed of corals, sponges, bone fragments and coprolites. 
The same observation stands for other sections in the Farafra-Dakhla stretch: 
“In the basal layers (of the Tarawan Chalk) sometimes pebbles of 
phosphorite, of sandstone, of glauconite, and even of quartz, as well as shark 
teeth, form some sort of a diluted transgressional conglomerate” (BARTHEL 
& HERRMANN-DEGEN, 1981: 162). The Tarawan of the Gunnet el Bahariya 
section is P5 according to Yousser & ABpeL Aziz (1971) and overlies uncon- 
formably the lower part of the P3 Zone. However, samples which I collected 
from that section were handed to Dr. Mona A. Y. Haccac and Dr. AspeL- 
GALIL A. Hewaipy fro micropaleontological examination. While the intra- 
Paleocene gap was confirmed by my colleagues, they agreed that the zone 
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Fig. 6. Correlation of the Dakhla-Farafra stratigraphic sections. 


below the unconformity is P2 and that above is P4. The latter extends into 
the basal part of the Tarawan Chalk. 

At the northeast corner of Farafra the classic section of Ain Maqfi is 
exposed (Fig. 6 b). Here, underneath the Esna Shale occurs a thin macrofora- 
miniferal limestone band which is separated from the subjacent Dakhla 
Shale by a conspicuous erosion surface (LeRoy, 1953). Saip & KERDANY 
(1961) describe this bed as a conglomeratic, partly allochtonous limestone 
and Epetp (1984) as a high-energy biogenic limestone. It has been named the 
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Abdallah Formation in 1945 by Leroy, Car & Cretcuett (fide EBEıD) and 
the Maqfi Limestone Member by Sam & Kerpany. Apparently the Tarawan 
Chalk of Yousser & AspeL Aziz (1971) reported from Ain Magfı refers to 
the same unit although they did not mention larger foraminifera occurring in 
it. Whatever the name of this limestone is, it belongs in the P4 and basal P5 
Zones. 

Finally, along the northern scarp of the Farafra-Ain Dalla passage, the 
Qur Hamra section (Fig. 6a) exposes a wholly carbonatic Paleocene section 
that was named the Ain Dalla Formation by BARTHEL & HERRMANN-DEGEN 
(1981). The oldest Paleocene recognized by them is P4 and rests upon the 
upper Maastrichtian Khoman Chalk (Tarawan Formation of the above 
authors). 


Abu Roash 


The occurrence of Paleocene deposits at Abu Roash has been 
documented by Strouco & Haceac (1983). The section, only a few meters 
thick, is exposed at Jiran el Ful, at the southeast rim of this Cretaceous inlier 
(Fig. 7). A conspicuous intra-Paleocene hiatus separates a chalk unit below 
from clast- and matrix-supported limestone conglomerates above. The 
former is probable Plc to P2, and the latter are P5. 
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Fig. 7. Paleocene stratigraphic sequence in Abu Roash. 


Gulf of Suez-Red Sea 


Foraminiferal data from seven offshore and one onshore wells drilled in 
the Gulf of Suez have been summarized by Masters (1984). For the 
columnar sections of all eight wells see Figure 4 of that author; other details 
can be found in Barakat & Fanmy (1969), ANsary & FAHMY (1969) and 
Kerpany & ABDEL SALAM (1970). The most complete Paleocene is recorded 
in the northern wells (East Bakr Marine n°1, East Gharib Marine n° 1). A 
striking feature of the southern wells is that, in all of them, the oldest 
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Paleocene corresponds either to the P4 (Shoab Ali n° 1) or to the P5 (!)J-1, 
Alef-1, Morgan n° 8, H-1,2) G-1) Zone. The onshore Ezz el Orban well n° 1 
sives again P4 as the oldest Paleocene. These various horizons rest on 
Campanian or Maastrichtian rocks. 
At the northeast extremity of the Southern Galala Plateau the biostrati- 
raphy of Gebel Thelmet (Fig. 8a) has been worked out by Asper-KırEEM 
(1976) and AspeL-KirEEM & Aspou (1979). The Paleocene there, 12 m thick, 
orrelates to the P5 Zone and overlies the upper Maastrichtian. It consists of 
h halky limestone with rare nummulites and operculines and is interpreted as 
[ fore-reef facies (ABDEL-KIREEM & ABDOU, 1979). 
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Fig. 8. Correlation of the Gulf of Suez-Red Sea stratigraphic sections. 


Some 15 km south of Gebel Thelmet a more complete Paleocene section 
overlooks the Saint Paul Monastery (Fig. 8b). The base is Pl b-c and the top 
is P4 (Strouco et al., in manuscript). The latter interval consists of a lower 
marly unit with wavy bedding and an upper unit of boulder-size carbonate 
clasts floating in a marly matrix (Fig. 9). Associated with these are lenses of 
cross-laminated coarse grained quartz sandstone. At several places huge 


| Kerpany & ABDEL SALAM (1970) mentioned the probable occurrence of the P4 
Zone in this well. 
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exotic megaclasts made up of limestone with flint bands were observed lying 
with their long axis parallel to the bedding plane (Fig. 10). 

In the Esh el Mellaha Range (Fig. 8c), a big hiatus occurs again across the 
Cretaceous-Tertiary contact. The Paleocene, only 2.5 m thick, gives, in terms 
of calcareous nannofossils, the Discoaster multiradiatus Zone (NP9) and, in 
terms of planktonic foraminifera, the P5 Zone (ABDALLAH et al., 1984 and 
Anmen S. Er-Dawoopy, personal communication). It rests upon the upper 
Maastrichtian and is followed by the Lower Eocene. 

To the west of Quseir, the Upper Cretaceous-Lower Tertiary stratigraphic 
sequence has been thoroughly studied by Yousser (1949, 1960) while 
KRASHENINNIKOV & ABDEL-Razik provided the planktonic foraminiferal 


Fig. 9. Coarse carbonate detritus (above hammerhead) at the Saint Paul Monastery. 
Note wavy bedding in lower part of photo. 
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ig. 10. Huge exotic megaclast (arrow) composed of limestone with flint bands, Saint 
Paul Monastery. 


plostratigraphic framework. Of the two sections examined by KRrasHENIN- 
iIKOV & ABDEL-Razık, Gebel Anz (Fig. 8e) is incomplete across the Creta- 
teous-Paleocene boundary, the P4 Zone directly overlying the upper 
Maastrichtian. In contrast, a virtually uninterrupted sedimentary record is 
observed across the same interval at Gebel Duwi (Fig. 8 d). Of significance is 
lhe fact that Gebel Duwi is located only 5 km southwest of Gebel Anz. 


Nile Valley 


| At Gebel Oweina, to the southeast of Esna, a stratigraphic gap is reported 
nt the contact between the Dakhla Shale and the Tarawan Chalk (PErcH- 
NIELSEN et al., 1978). The former is P3 and the latter is P4; in other words, 
he hiatus would not be detectable by Foraminifera but can be recognized by 
-alcareous nannoplanktons since the NP5 Zone and possibly the NP6 
through NP8 Zones are missing (PERCH-NIELSEN et al., 1978). 


Interpretation of the data 


SALEM (1976) visualizes northern Egypt (Saıp’s, 1962, “Unstable Shelf”) as 
being formed of a faulted anticline and syncline structural complex resulting 
tom Late Cretaceous tectonic events. He also believes that the characters of 
he Paleocene and Eocene sediments were controlled merely by this 
nherited structural pattern: the Paleocene-Eocene section would be thin or 
together missing on the positive structures, thick in the basins; in addition, 


9 N. Jb. Geol. u. Paläont. Abh. Bd. 173 


264 Amin Strougo 


the closer the section to the crest of a ridge the greater the stratigraphic gap 

will be. While this scenario may be applicable to the north of Egypt it does 
not match the situation in the south (Saıp’s, 1962, “Stable Shelf”) because, in | 
that case, we would expect maximal contrasting facies patterns at the Creta- 
ceous-Tertiary boundary and their gradual dissipation during the Paleocene 
and Eocene. Actually, in most of the examples treated above (and in many ı 
others to be found in the literature), wherever the Early Paleocene is repre- 
sented, the Cretaceous-Tertiary contact lies within one and the same litho- | 
stratigraphic unit (Dakhla Shale, Khoman Chalk, Sudr Chalk) and the | 
material evidence for a stratigraphic gap across this contact is primarily 
paleontological. In other words, the spacial relationships of the uppermost | 
Cretaceous and Lower Paleocene rocks do not suggest basic changes in the | 
regional depositional framework. An outstanding alteration of this‘ 
framework, however, is revealed within the P4-P5 interval. The new patterns 
recognized in this interval can be grouped in four categories. | 

1) Formation of coarse bioclastic carbonates within a dominately lutitic 
facies (Nagb Assiut, Kharga-Baris stretch, Dakhla-Farafra stretch, Gunnet el 
Bahariya, Ain Madfi). 

2) Formation of boulder-bearing carbonates on top of a lutitic facies 
(Jiran el Ful, Saint Paul Monastery). 

3) Abrupt formation of peritidal to shallow subtidal high-energy carbo- 
nates (Ain Amur, West Mawhoob, Abu Mungar). 

4) Renewed sedimentation in sectors that had formerly experienced a 
more or less prolonged phase of erosion (not necessarily subaerial erosion) or 
non-deposition (Nagb Assiut, Qur Hamra, Jiran el Ful, Gebel Thelmet, 
Gebel Anz; Esh el Mellaha; also the Shoab Ali n° 1, J-1, Alef-1, Morgan 
n° 8, H-1, G-1 and Ezz el Orban n°1 wells). 

The hypothesis put forward here is that these new patterns of sedimen- 
tation have been controlled chiefly by syndepositional block faulting. 
Categories 2 and 4, and partly category 1, can then be interpreted as 
collapsed compartments while category 3 would represent upthrown fault 
blocks. 

The most compelling evidence comes from the Gulf of Suez-Red Sea 
region. Let us assume that after the Late Cretaceous tectonic events higher 
stands of sea level affected this region. Active sedimentation will take place 
in the low areas whereas more positive structures will undergo erosion. 
Ultimately, the latter structures will also become sites of deposition; they 
will, however, record the greater temporal gap across the Cretaceous-Tertiary 
boundary as well as the thinner pile of Paleocene sediments. A glance at 
Masters’ 1984, Fig. 4, shows that the hiatus in Ezz el Orban n° 1, Morgan 
n° 8, H-1, and Shoab Ali n° 1 wells is considerably greater than that in the 
East Bakr Marine n° 1 and East Gharib Marine n° 1 wells, but still that the 
P4 and/or P5 Zones are several times thicker in the first group of wells than 
in the second. These discrepancies would be explained by invoking disloca- 
tions during the P4-P5 interval causing the foundering of the former sectors. 
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In the same way one can interpret the striking differences between the 
Paleocene sections of Gebel Duwi and Gebel Anz, in the Quseir area. In 
both sections, there is no great difference in the thickness of the P4-P6a 
Vones although the older Paleocene at Gebel Anz is P4 while an almost 
tomplete sedimentary record occurs at Gebel Duwi. Since the two sectors are 
gocated only 5 km apart, the fault hypothesis seems inescapable: Gebel Anz, 
hich had remained structurally high during the greater part of the 
Paleocene, was faulted down in the P4 time (see also KRASHENINNIKOV & 
BDEL-RazIk, 1969). 

| Further observations conducive to the fault hypothesis are obtained at the 
paint Paul Monastery section. Here, the P4 Zone is made up of a lower marl 
lanit followed upward by boulder-bearing carbonates. The irregular wavy 
pedding displayed by the lower unit is believed to be due to localized 
pverloading effects. In other words, before the marl of this unit had the time 
2 become lithified it was overcharged with coarse debris whence the 
i of the layers under this load of sediments. This coarse detritus 
Imust have accumulated then in a short lapse of time and may be interpreted 
: a mass flow deposit laid down at the base of a conspicuous slope, 


robably a fault-bounded escarpment. The occurrence of exotic megaclasts 
avours also this interpretation. 
At Jiran el Ful, matrix-supported conglomerates falling within the P5 
one have been likewise interpreted by Strouco & Haccac (1983) as a 
submarine mass flow deposit built up at the base of a significant slope. 
In the oases of the Western Desert, the evidence for syndepositional 
tectonic disturbances is also clear. Thus, the Paleocene facies at Ain Amur 
(Abu Tartur Plateau) and those of Gebel Ter and Gebel Tarawan are not 
strikingly different up to the P3 Zone. In the P4 Zone, however, peritidal to 
shallow subtidal calcarenites and calcirudites occur on the plateau (Garra 
Formation) while a thick section of (periplatform?) lime mud (Tarawan 
Chalk), unequalled in the other parts of the Kharga oasis, accumulated in the 
Ter-Tarawan sector. Faulting along the eastern scarp of the Abu Tartur 
Plateau or strong uparching of the latter provide a possible explanation for 
these stratigraphic relationships. This interpretation is in accord with 
HERMINA (1968) who visualizes the Abu Tartur feature toward the close of 
the Early Paleocene as a submarine swell “flanked on its eastern and western 
sides by subsiding lands sloping towards Kharga and Dakhla respectively”. 
In the Farafra oasis, the Ain Magfi conglomeratic limestone of the P5 
Zone is bracketed by fine clastics (Dakhla Shale and Esna Shale) and 
includes nummulites, operculines, alveolines and discocyclines. This is 
obviously a shallow water derived deposit presumably resulting from mass 
movements along a submarine slope. It has been previously postulated 
(Yousser & ABpEL-Aziz, 1971) that the Farafra oasis was involved in the late 
Maastrichtian tectonism and that “folding and block faulting may have 
continued well into the Paleocene” in this area. More recently, BARTHEL & 
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HERRMANN-DEGEN (1981) dated as Paleocene positive structural features in ‘ 
the Western Desert oases, which features parallel the Gulf of Suez and: 
Aqaba trends. We can date it more precisely now and state that these : 
movements culminated in the P4-P5 time. 

As concerns the coarse bioclastic thin bands and burrowed horizons 
found at many places within the P4 Zone, they can be attributed to milder 
disturbances producing broad upwards with gentle dips. In these structural | 
features, a temporary halt in sedimentation resulted in the breakdown of 
autochtonous to parautochtonous skeletal material (sponges, solitary corals, 
bones) along with winnowing of the fine lime mud giving rise to some sort | 
of lag deposits. This would explain the minor hiatus recorded by HENDRIKS 
et al. (1984) at the base of the Tarawan Chalk between Kharga and Baris. 


The velascoensis event 


The installation of a new regional depositional regime during the P4-P5 
interval is a consequence of an outstanding alteration of the regional | 
tectonic context. Movement along fault lines is believed to be the chief} 
factor influencing the new patterns of sedimentation. This tectonic-sedimen- 
tologic upsetting marks an important episode in the Early Tertiary history of | 
Egypt for which the name “velascoensis event” is proposed. This name is 
chosen after the planktonic foraminiferal species Globorotalia velascoensis | 
whose stratigraphic range is nearly coincident with the P4 and P5 Zones. 
Recognition of the velascoensis event could have some bearing on two salient 
structural aspects of Egypt. These are: 1) timing of the Red Sea rift, 2) | 
intensity of the deformations at the close of the Cretaceous. 

The rifting between the African and Arabian plates leading to the Red. 
Sea-Gulf of Suez graben system is generally related to Oligocene-Miocene 
tectonic events. But signs for rifting materialized by the collapse of large 
horst blocks along northwest-trending listric faults would have manifested | 
themselves already by end Cretaceous to Paleocene time, according to an 
opinion held lately by Jorpr (1984). The velascoensis event provides some 
information compatible with this early rifting. 

On the other hand, inasmuch as SaLem’s postulate does not conform to 
the situation in the south it may be that the north and south of Egypt 
belong then to two distinct structural entities, a premise held by Saın (1962; 
his “Unstable” and “Stable Shelves”). However, in the area of Abu Roash, 
which is regarded as a classic example of the “Unstable Shelf”, the Creta- 
ceous-Paleocene transition was presumably marked by a phase of mild 
uparching of the Abu Roash massif leading to a submarine swell (SrRouco & 
Haceac, 1983). The velascoensis event, on the other hand, had more drastic 
effects in that same area. Providing that Abu Roash is a good ‘sample‘ of the 
structures that were developed in northern Egypt by the Late Cretaceous 
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ectonism, this argument added to those already given above tends to show 
hat the deformations at the end of this period were not as spectacular as the 
helascoensis event. 
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